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CHAPTER 1. INTRODUCTION 
Northwest Iowa (NWIA) is the area of the state with the greatest 
amount of water related problems because it is the driest part of the 
state. This problem has been reflected in reduced agricultural yields . 
Resul t s from many studies including the reports of Babula (2), 
Colbert (12), Shaw and Felch (49), and Nielson (40) agree that yields 
can be increased considerably in this region if enough water is 
available for plant utilization. 
The study of Nielson (40), based on infonnation over 22 years 
(1955- 1977) from the nine Iowa State University experimental stations 
in Iowa, showed a positive relationship between corn yields and amounts 
of soil moisture available. The two stations in NWIA are a 40-acre 
farm near Doon in Lyon County with Moody silt loam soil and 2-5 percent 
slope, and an 80-acre farm near Sutherland in O'Brien County with 
2-5 percent slope and various soil types. These soil types are 
Primghar silt loam, Jalva silt loam, Sac silt loam, and Marcus silty 
clay loam . 
The critical stages in the growth of the corn plants are tasseling , 
silking and pollinating. Lack of enough water for plant use causes 
the problem of moisture stress which results in decreased yields . 
Claassen and Shaw (9) report that moisture stress during silking can 
cause reductions in yield of up to 3-7 percent per day. The suscepti-
bility of the corn plant to moisture stress at silking is primarily 
due to the fact that in the late vegetative stage corn plants grow 
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very rapidly. Often, the water balance becomes deficit as the plant 
consumes more water than provided by current rainfall. Thus, the plant 
is depending entirely upon soil moisture reserves to make up for this 
deficit . The effect of moisture stress is to delay silking by approxi-
mately 6-8 days while affecting the time of tasseling very little. 
The result is that many ovules are not fertilized and do not develop 
into mature corn kernels . A reduction in grain yields can be expected. 
Supplement irrigation helps solve moisture stress problems. 
Apart from providing additional water for plant utilization, irrigation 
can be controlled so that the right amount of water is supplied and 
at the right time. The right timing of water supply for plants is 
very critical. An above average level of total rainfall does not 
guarantee sufficient water for plant use if the rainfall occurs at 
the wrong time. One example is at Doon in Lyon County in 1968. 
Rainfall was over three inches above normal for the year, but the 
yield was the lowest on record, i.e. , 50 bu of corn per acre 
(Rossmiller, 43, pp. 147-148). Supplemental irrigation is used to 
ensure that enough soil moisture is available prior to planting, during 
critical stages of plant growth (tasseling, silking, pollination) and 
to reduce stress due to high temperatures and low humidity. 
The experiment on the yield response to soil moisture through 
supplement irrigation is done by computer simulation using data from 
experimental stations throughout Iowa (a list of stations is included 
in Appendix A). A subroutine which added one inch of effective 
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irrigated water to the soil profile every three days is incorporated 
into the soil moisture program . Irrigation began after June 30, 
whenever the soil moisture profile in the active root zone (the top 
five feet) was depleted to a given percent of the field capacity in 
the active root zone. Nielson (40) used the following two criteria 
t o determine irrigation timing and amounts; 
1) when available moisture in the active root zone is less than 
or equal to 75 percent of yield capacity--this is a high 
level irrigation management program, termed "75 percent 
criteria." 
2) When available soil moisture in the active root zone is less 
than or e qual to 50 percent of field capacity--this is a 
lower level irrigation management program, termed "SO percent 
criteria." 
The irrigation is continued until the available soil moisture 
in the active root zone is up to 90 percent of field capacity, The 
average t otal seasonal application of irrigation water is shown in 
Table 1. 
When the yields resulting from simulated irrigation are compared 
with the dry yields, they show a significant difference at most 
stations. The yield from irrigated land is fairly uniform t hroughout 
the state which implies that irrigation can be used to improve the 
yield on high water holding capacit y soil in Iowa, The average yield 
of irrigated corn and of dry land are shown in Table 2, The yields 
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Table 1. Average seasonal application of irrigation water (40) 
50 percent 75 percent 
criteria criteria 
(inches) (inches) 
Doon 9.65 10.50 
Sutherland 7.55 9.60 
Alnes 5,35 7.05 
Burlington-Columbus Jnct. 3. 70 5.00 
Castana 6.85 7.85 
Cedar Rapids 3.05 4.60 
Elkader 4.25 5 . 55 
Kanawha 5.10 6.70 
Norwick-Shenandoah 5.55 7.10 
Table 2. Average yields over a 20-year period of dry land and irri-
gated land (40) 
Doon 
Sutherland 
Alnes 
Burlington-Columbus Jnct. 
Castana 
Cedar Rapids 
Elkader 
Kanawha 
Norwick-Shenandoah 
Dry land 
102 
119 
131 
147 
126 
147 
142 
137 
131 
Irrigated land Mean increase 
(bu per acre) 
153 52 
154 35 
152 21 
154 7 
154 27 
154 7 
154 11 
154 17 
153 22 
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from 75 percent criterion are higher than from 50 percent criterion but 
usually not of any significant level. 
The most impressive yield increase responses to irrigation 
occurred in NWIA at Doon and Sutherland . 
Doon: Nine out of 20 years' yields from nonirrigated (dry) land 
were in the range of 124-155 bu per acre and are not severely 
affected by mois ture stress, The remaining 11 years , the yields were 
severely affected. Six of these years had an average yield of 
96 bu per acre, four years have an average yield of 49 bu per acre, 
and one year has total crop failure. The 20-year yield average of 
dry land crop was 102 bu per acre . 
Irrigated yields were fairly uniform throughout the period 
ranges of 140-155 bu per acre, The mean irrigated yield was 153 bu 
per acre . The mean yield increase due to irrigation was 52 bu per 
acre , and the range of yield increase was 1-154 bu per acre. Figures 
1 and 2 show distribution of corn yield and yield increase due to 
irrigation . 
Sutherland: Twelve out of 20 year s ' yields from nonirrigated 
land were not severely affected by moisture stress and were in the 
range of 125 to 155 bu per acre, The average yield for the remaining 
eight years was 82 bu per acre. Thus, the average yield over the 
20- year period was 119 bu per acre, 
The mean irrigated yields were 154 bu per acr e and fell in the 
range of 147-155 bu per acre. The mean yield increase due to 
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Figure 1 . Distributions of corn yields for Doon, Iowa, 1958-1977 (40) 
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irrigation was 35 bu per acre. The yield increase ranged f rom 0-109 
bu per acre . 
Research Justification 
Nielson's study (40) reports satisfactory yield responses to irri-
gation in NWIA indicating that f urther r esearch is advisable . Doon 
station gives the highest yield response to irrigation, provided 
that the location has an access to water for irrigation, encouraging the 
economic feasibility study of irrigation in the area . If irrigation 
is also an economically worthwhile project, it is implicit that t he 
farm income in the r egion can be i ncreased by i rrigation inves t ment . 
The remaining question is the sour ces of irrigat i on water . There 
ar e two major river s in Lyon County, the Big Sioux and Rock Rivers. 
Even though withdrawing surface water from the rivers for i rrigation 
is restricted, the alternative remains to use groundwater , possibly 
from alluvial aquifer . There are several irrigation projects in Lyon 
County and recently the number of i rrigated far ms has increased . This 
will be discussed in more detail later . The point here is that there 
are locations in the county where i rrigation is physically feasible 
and the resulting yield increase makes them worthwhile projects . 
Objective and Methodology 
The objective of study consis t s of the development of methodology 
for testing the economic feasibility of irrigation in NWIA. In 
9 
achieving this objective, a single period linear programming model 
was construc t ed that maximized after- t ax net profit for a typica l size 
farm in the area under the assumptions and procedures incorporated in 
this s tudy . The farm is located in an area where irrigation is 
physically and legally feasible. Various crop rotations, irrigation 
system alternatives , tillage practices, livestock alternatives , tax 
structures and investment tax credits are included in the model . 
Chapter 2 provides general information on NWIA including Lyon 
County wherein the farm us ed in this study is located, Irrigation 
equipment and cos t s t ructure of different irrigation sys tems most used 
in Iowa are briefly discussed in Chapter 3, Chapter 4 presents the 
water rights institution structure in the United States in general and 
in Iowa specifically . The Iowa legal restrictions and regula t ions for 
withdrawing water for i rrigation purposes are s tated, Next, the 
linear programming model and its data sources are present ed in 
Chapter 5. Res ults of the model are discussed in detai l in Chapter 6 . 
Finall y , in Chapter 7 results of the model and their analysis are 
present ed along with recommendations for further irrigation practices 
in NWIA . 
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CHAPTER 2 . NORTHWEST IOWA AND LYON COUNTY 
Northwest Iowa 
There a re 12 counties in Northwest Iowa covering an area of 
4 . 6 million acres bordering and including two large rivers, the 
Missouri River and the Sioux River. Figure 3 shows all Northwest 
Iowa counties and its rivers, Of this 4,6 million acres, over 90 
percent is used for agriculture (crops and pasture). 
Climate in Northwest Iowa is characterized by marked seasonal 
variation. The average annual temperature is around 47°F with the 
record extremes of 117°F at Logan and -46°F at Inwood, The normal 
monthly and annual temperatures of six r epresenta tive locations 
of the area are shown in Table 3, Since agriculture is the main 
land use in the area, the number of freeze-free days is very 
important information. Accordi ng to Robert H. Shaw and C. S. 
Thom (50), the averagedatesof the last freeze (32°F) in spring is 
between May 4 and May 10 . The average dates of the first 32°F freeze 
in fall is between September 25 and October 5 . The average length 
of the freeze-free season in Northwest Iowa ranges from 135 to 152 
days . 
The precipitation in Northwest Iowa, the driest part of the 
state , ranges from 25 to 28 inches per year compared to the s t ate 
average of 32 i nches. The annual precipitation is markedly varied with 
about a 20- year cycle of drought year , The most recent drought 
11 
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Figure 3. Rivers and river basins in Northwest Iowa (44) 
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Table 3. Normal monthly and annual temperatures at Lake Park, 
Lel>iars, Rock Rapids , Sac Ci ty, Sioux City and Storm Lake 
(oF) (43) 
Lake Rock Sac Si oux Storm 
Month Park Mar s Rapids City City Lake 
January 15.7 18.8 16.3 19.2 18.7 17,5 
February 19.3 22 . 9 20.2 23 . 2 22 . 7 21.2 
March 29.9 33.6 31. 3 33 . 8 33 .6 31.6 
April 45.8 48 . 9 46 . 9 48 . 9 48,9 47 . 3 
May 58 . 4 60 . 7 59 . 4 61.0 60 . 9 59 . 4 
June 67.9 70 . 4 68 . 8 70.7 70 . 9 69.1 
July 73.2 75 . 7 74 .3 75.8 76 . 4 74 . 3 
August 71.2 73 . 7 72 . 4 73.7 74 . 1 72 . 2 
September 62.2 64 . 5 62 . 7 65.2 64 . 5 63.6 
October 51.0 52.9 50 . 9 53 . 7 53 . 0 52 . 3 
November 33.3 35 . 6 33 . 5 36 . 1 35 . 6 34 . 8 
December 21.4 24 . 7 22 . 0 24 ,9 24 , 5 23.2 
Annual 45.8 48 . 5 46.6 48,9 48 . 7 47 . 6 
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occurred in 1976 in which the average rainfall during the three summer 
months was 11.3 inches in the area and only 2.55 inches at Sioux City. 
Table 4 and Figure 4 show the average precipitation of differen t 
counties of the area. Three-fourths of the total r ainfall occurs during 
the crop season, i.e., mid-April until September, The average annual 
runoff at the long-term station in the 12-county area ranges from 1.23 
to 5.57 inches as shown in Figure 5, Northwest Iowa also faces severe 
hailstorms. Iowa averages 58 damaging hailstorms a year with each 
locality experiencing from 2 to 6 each year, reaching a maximum 
frequency in early summer. Average annual snowfall in NWIA ranges 
from 31 to 39 inches as shown in Figure 6, 
There are several rivers and natural lakes in NWIA; surface 
water is not used for irrigation purposes due to legal restrictions 
to maintain at least some minimum level of flow, According to the 
"protected flow" regulation applied to streams and rivers in Iowa, 
water cannot be withdrawn for consumption purposes if the flow at any 
location on a river is equal to or l ess than 84 percent of duration 
flow (30). During sulmller and the crop season, the stream water level 
usually runs so low that withdrawing water for irrigation is not 
permit t ed . For agricultural purposes, groundwater is the alternative 
if it is physically feasible. There are three major groundwater 
sources in the area including glacial-drift, alluvial and bedrock 
aquifers which provide greatly different yields. The glacial~drift 
aquifers give the lowest yields ranging from a few gpm up to 10-20 gpm. 
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Table 4. Mean, minimum and maximum annual precipitation at various 
locations in Northwest Iowa, inches (44) 
County Location N, years Mean Minimum Maximum 
Buena Vista Sioux Rapids 35 28.10 14.17 39.11 
Storm Lake 78 28.41 13.90 45.94 
Cherokee Cherokee 55 27.12 12.11 42 . 86 
Clay Spencer 65 27 . 69 14.41 44.15 
Dickinson Lake Park 50 26,53 13.43 35 . 91 
Milford 36 26 , 78 12 . 70 37.21 
Ida Holstein 43 28 . 43 15.54 43 . 10 
Ida Grove 32 29.43 16 . 02 51.62 
Lyon Inwood 69 24.92 12 . 65 37.61 
Rock Rapids 73 25.78 13.58 41.69 
O'Brien Primghar 40 27.83 14.96 43.54 
Sanborn 62 27 .87 13 . 77 46.02 
Sheldon 51 26 , 57 15.41 46.02 
Osceola Sibley 41 27.55 16 . 38 37 . 60 
Plymouth Akron 49 25.67 12 , 75 42,95 
Le Mars 80 26.48 13 . 02 42 . 35 
Merrill 31 25.42 13 . 14 38 . 84 
Sac Sac City 84 28.63 14 . 75 44 . 51 
Sioux Alton 71 25 . 82 13 . 29 38 . 25 
Hawarden 50 25,33 13.97 39 . 34 
Sioux Center 77 27 . 02 14.83 41 .14 
Woodbury Sioux City 86 25,38 14.33 41 . 10 
Monona Mapleton 39 27.50 15.90 40.73 
Regional 
average 26 , 97 14.13 41.81 
Figure 4 . 
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Well depth varies from lS to 20 feet to as much as 400 feet. Water 
from these aquifers is used for livestock and domestic consumption. 
Most wells are shallow and tend to dry up during drought periods. 
Total storage in the drift aquifers in NWIA is estimated to range from 
0.9 to 4.0 million acre feet with annual recharge ranging from 0.1 to 
1.0 million acr e feet (SS). The alluvial aquifers have a thickness 
ranging from a few feet in interior streams, to 30 to 70 feet along 
the major interior rivers, to 100-600 feet along the Missouri River. 
They give yields ranging from less than SO gpm to 200-300 gpm along 
the interior rivers, to 1,000-2,000 gpm along the Missouri River valley . 
Total storage in the alluvial aquifer along the major rivers in 
Iowa is estimated to range from 1,6 to 8,0 million acre feet with 
annual recharge ranging from 0,24 to 0,96 million acre feet, Total 
storage in the Missouri River alluvial system is estimated to range 
from S-2S million acre feet with annual recharge ranging from 0.43 
to 1.7 million acre feet (SS). 
There are four major bedrock aquifers in NWIA, The topmost 
aquifer, the Dakota Sandstone Aquifer, lies f rom 200 to 600 feet 
beneath the surface with an average thickness of 50 to 7S feet and 
has a maximum thickness of 260 feet in the vici nity of Sioux City. 
The yield from the Dakota Sandstone Aquifer varies greatly from 
ten gpm to a few hundred gpm and may give yields of more than l,SOO 
gpm as occurs near Sioux City where it is recharged by water from 
the overlying alluvial sands and gravels. However, at present, only 
19 
in very unusual circumstances when special permits are granted can the 
water from this aquifer be withdrawn for agricultural purposes. 
The second bedrock aquifer, the Mississipian Aquifer lies between 
600 to 900 feet beneath the surface ar ound the southern part of NWIA 
with an average thickness of 350 feet. The Siluriam-Devonian Aquifer 
lies from 500 to 1,000 feet under the surface in the southern half of 
the region. Its thickness varies from a thin edge i n the east to the 
thickness of 650 feet in Southwestern Iowa . The Cambro-Ordivician 
Aquifer is found in every county except Lyon County . It lies from 
less than 1,000 feet to more than 2,000 feet beneath the surface 
with the thickness varying from 0 to 400 feet. 
Ground water i n the drift aquifer and in alluvial sands and gravels 
is of good to fair quality except in some areas of Osceola, Dickinson, 
and Emmet counties. Groundwater from bedrock aquifer is generally 
poor quality , However, as far as irrigation is concer ned, the ground-
water quality in general is acceptable . 
There are five major soil types in NWIA which are shown in 
Figure 7. There are Moody, Galva-Primghar-Sac, Lu ton- Onawa-Salix, 
Monona- Ida-Hamburg, and Clarion~Nicollet-Webster, Erosion problems 
are severe in some parts of the region due to steepness of slope and 
low moisture-holding capacity soil, The Monona-Ida- Hamburg soil 
has low moisture-holding capacity . 
The NWIA area has the lowest average soil moisture available 
for plant consumpt ion partly due to t he lowest precipitation level 
20 
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compared to other parts of the state , This moisture available for 
plant uses is in soil from 0 to 5 feet from the surface. The upper 
limit of water usuable by plants is called "field capacity" and the 
lower limit is called "the wilting point," It is assumed that "very 
low" is less than three inches, "low" is 3 to 5 inches, "medium" is 
6 to 9 inches and "high" is more than 9 inches of plant available water 
in the top five feet of soil (43), Tables 5 and 6 show the average 
plant available water and soil moisture of 12 counties in the region 
(51). The average values of 10,4 inches of available water and 6 . 4 
inches of soil moisture on June 1 allow a good potential for crop 
production providing that this soil moisture is maintained. as it is 
used by the crops (44), 
Agriculture is very important in NWIA as more than 90 percent of 
the land out of 7,165 square miles is devoted to agricultural uses, 
Table 7 shows the distribution of land use in NWIA, county by county 
(15). Historically, the farm population proportion has decreased 
over the years mainly due to advancing technology which allows for 
more capital intensive production , Thus. we s ee increased farm sizes, 
and increased production due to both increase in yields per acre and 
more land used in production, Table 8 shows that in all counties of 
the region, farm populations. number of farms and farm population 
densities have decreased over the last 20 years , Farm income has 
always been the largest single source of income in the region. On 
the average, farm income shares are about one~third except in Woodbury 
Table 5. Average amount of plant available water in the top five feet of the soil profile, 
by one-foot increments, for several dates at five locations in Northwest Iowa--
period of record through 1970 (51) 
Depth Plant available water in inches for designated date 
Station (feet) April 15 May 1 June 1 July 1 Aug. 1 Sept. 1 Oct. 1 Nov. 1 
Doon 0-1 1.6 1. 3 1.6 1.5 0.7 1.1 1.5 1.4 
1-2 1.3 1. 3 1.4 1.2 0.5 0.3 0.6 1.0 
2-3 0.7 0.8 0.9 1.1 0.6 0.3 0.4 0.6 
3-4 0.6 0.6 0.7 0.8 0.6 0.3 0.3 0.4 
4-5 0.5 0.5 0.6 0.6 0.6 0 . 5 0.4 0.5 
0-5 4.7 4.5 5.2 5.2 3.0 2.5 3.2 3.9 
Le Mars 0-1 1.4 1.1 1.5 1. 2 0.5 0.9 1.3 1.4 
1-2 1. 2 1.2 1.4 0 . 8 0.3 0.2 0.6 0.8 
2-3 0.9 1.0 1.2 1.1 0.5 0 . 2 0.3 0.5 
3-4 0.9 0.9 1.2 1.3 0.9 0.5 0.5 0.6 
4-5 1.0 1.0 1.1 1.2 1.1 0.8 0.8 0.8 
0-5 5.4 5.2 6.4 5 .7 3.3 2.6 3.5 4.1 
Sutherland-Primghar 0-1 1. 7 1.3 1. 7 1.6 0.8 1.2 1.5 1.6 
1-2 1.4 1.5 1. 7 1. 3 0.6 0.4 1.0 1.0 
2-3 1.1 1. 2 1. 3 1.4 0,8 0.5 0.6 0 . 9 
3-4 1.1 1.1 1.1 1.2 0 . 9 0 . 6 0.7 0 . 9 
4-5 0.9 0.9 0.9 1.0 0.9 0.8 0.7 0. 7 
0-5 6.2 6,0 6.7 6,5 4,0 3.5 4 .5 5.1 
Estherville 0-1 1.8 1.3 1.8 1. 7 0.9 1.0 1.6 1.6 
1-2 1.5 1.5 1. 7 1.2 0.6 0,4 0.9 1.2 
2-3 1.1 1.1 1. 4 1. 4 0,7 0,4 0.6 0,9 
3-4 1.1 1.1 1.3 1.5 1.0 0 , 7 0.7 0.9 
4-5 1.3 1.3 1.5 1.6 1.5 1.1 1.0 1.2 
0-5 6.8 6.3 7.7 7.4 4 . 7 3.6 4 . 8 5 . 8 
Storm Lake-Newell 0-1 1.8 1.4 1. 7 
1-2 1.5 1.6 1. 7 
2-3 1.2 1. 3 1.6 
3-4 1.0 1.0 1.4 
4- 5 1.1 1.1 1.2 
0-5 6.5 6.4 7 . 6 
State average 0-1 1. 9 1. 7 1.8 
1-2 1. 7 1.8 1.9 
2-3 1.4 1.5 1.6 
3-4 1.3 1.3 1.5 
4-5 1.3 1.3 1.4 
0-5 7.6 7.6 8.2 
1. 3 0.8 1.0 
1.4 0 . 7 0.5 
1.6 0 . 9 0 . 5 
1.6 1.0 0 . 8 
1.5 1.5 1.3 
7.4 4 . 9 4.1 
1.6 1.1 1. 2 
1.5 1.0 0.7 
1.6 1.0 0.6 
1.6 1.2 0.8 
1.5 1.4 1.3 
7.8 5 . 7 4 . 6 
1. 7 
0.9 
0.8 
0 . 8 
1.1 
5.3 
1.8 
1.2 
0.8 
0.8 
1.2 
5.8 
1.6 
1.2 
0.9 
1.0 
1.1 
5.8 
1.8 
1.5 
1.1 
1.0 
1.3 
6.7 
N 
w 
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Table 6. Plant available water and June 1 soil moistures to five feet 
for various soil types in and around Northwest Iowa, inches 
a 
(51) 
Available June 1 soil moisture 
a 
Location Soil type water a Average Maximum Minimum 
Doon Moody S.L . 10.5 5.2 9 . 6 1.5 
Le Mars Galva S.L. 8.8 6.4 8.8 2.8 
Castana Ida S.L. 10.0 6.8 10 . 0 1.4 
Sutherland Galva S.L. 11.9 6,7 11.9 0.4 
Primghar Primghar S.L. 10.7 6,4 10,7 0.4 
Denison Monona S,L, 11. 7 8.4 11.6 2.1 
Estherville Nicollet L. 9 . 3 7 . 7 9.2 3.5 
Storm Lake Webster S.C.L, 10.2 7.6 9.4 4.2 
Kanawha Webster s.c.L. 10,2 8.0 10.2 5.9 
Blairsburg Nicolle t S.C.L. 10 . 4 8.5 10.1 4.5 
Average 10,4 6 .5 (NW Iowa only) 
aTotal soil moisture to a depth of five feet. 
Table 7. 1967 land use in Northwest Iowa, acres (15) 
Urban and Water 
County Cropland Pasture built-up area Forest Other Total 
Buena Vista 307,437 24' 771 15,998 3,540 5,015 9,319 366,080 
Cherokee 273,717 57,222 13,548 310 11,000 10,923 366' 720 
Clay 300,105 23,579 13,795 4,930 8,000 14,391 364,800 
Dickinson 178,592 25,118 10,128 15,850 4,047 9,465 243,200 
Ida 228,298 29,690 9,261 364 1,205 7,022 275,840 
Lyon 304,955 44, 721 11,491 425 4,000 10, 728 376,320 
N 
O'Brien 311,230 26,812 14,093 400 4,000 11,465 368,000 Ln 
Osceola 217,506 17,250 8,630 430 2,000 8,904 254,720 
Plymouth 431,448 75,269 16,997 1,050 12,000 15,556 552,320 
Sac 306,360 25,396 17,590 1,020 6,000 13, 554 369,920 
Sioux 417,882 33,615 17,902 810 3,000 17,031 490,240 
Woodbury 431,474 59,842 27,217 1,470 25,000 12,437 557,440 
Region 3,709,004 443,285 176,650 30,599 85,267 140,795 4,585,600 
Table 8. Farm population and density, number and size of farms in Northwest Iowa, 1952-1973 (29) 
Rural farm popula-
Population Average farm Area tion, density, 
County living on farms Number of farms size 2 acres sg . mi. Eerson/ sg . mi. 
1952 1970 1952 1973 1952 1973 1970 1952 1970 
Buena Vista 7,570 5,448 1,973 1,352 183 259 572 13.4 10.1 
Cherokee 6,992 5,354 1,768 1,213 205 292 573 12.2 9.7 
Clay 6,898 4,431 1, 792 1,120 198 308 570 12.4 8.2 
Dickinson 4,340 2, 775 1,156 728 202 310 380 11.9 7.9 
Ida 5,133 3,663 1,344 973 203 278 431 12.0 8.7 
N 
Lyon 7,843 6,212 1,820 1,432 203 254 588 13.6 10.9 °' 
O'Brien 7,500 5,627 1,856 1,352 194 260 575 13.3 10.2 
Osceola 5,285 3,696 1,274 905 198 272 398 13.4 9.7 
Plymouth 10,980 8,413 2,727 2,016 199 265 863 12.9 10.0 
Sac 7,823 5,531 1,934 1,280 186 284 578 13,9 9.7 
Sioux 12,156 9,375 2,812 2,103 171 228 766 16 . 2 12 . 6 
Woodbury 11,080 7,913 2 , 865 1,927 185 265 871 13.4 9.9 
Region 93,530 68,438 28,321 16 ,401 194 273 7,165 13 . 1 9.6 
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County where farm income is only about eight percent of total county 
income. Lyon and Ida counties have farm incomes which account for 
nearly SO percent of total county income. Tables 9 and 10 and 
Figure 8 show the distributional sources of income for each county 
both in actual figures and as percentages . 
Major crops in the region are corn and soybeans . Others a r e 
hay, pasture and oats . NWIA also markets a large number of cattle 
and hogs. 
The fact that NWIA has the least precipitation in the state 
results in substantially lower yields of corn and soybeans than other 
parts of the state. Yields also fluctuate markedly from year to 
year and among the counties. Tables 11 and 12 from Rossmiller (43) 
show the comparison of the state yields, regional yields and their 
range from 1952-1977 . However, over this period of time the yields 
have , in general , increased considerably due to technological progress 
and improvements in land management, 
Within the region itself the yield variations are also prominent 
with high yields both in corn and soybeans in southeastern counties 
and lower yields in northwestern counties of the region . Rossmiller 
(43) has ranked the yields from these counties from high to low for 
both . Note that Lyon County ranked nearly last both in corn and 
soybean yield rates as shown in Tables 11 and 12. 
Among these low yielding counties, Lyon County is chosen to 
investigate the possibility of increasing agricultural yields through 
Table 9 . Personal income in Northwest Iowa by major sources in 1970, 1973 and 1975, millions of 
dollars (43) 
1970 1973 1975 
Non- Non- Non-
County Farm farm Govt. Total Farm farm Govt. Total Farm farm Govt, Total 
Buena Vista 15 . 9 36.2 6 . 2 58 . 3 48 . 6 43.5 7.4 99.5 38.3 45 . 1 9.1 92.5 
Cherokee 10.4 30.8 9.3 50.5 36.0 34.6 11.8 82.4 28 . 0 40.4 14.2 82.6 
Clay 13.5 33.6 7.0 54.1 37.8 41. 9 9 . 0 88.7 29.1 58.1 11.1 98.3 
Dickinson 10.3 17.5 4.0 31.8 23.9 26,9 5.1 55.9 17.6 33.5 6.3 57.4 
Ida 10.8 12.2 2.6 25.6 25.1 13.4 3.3 41.8 21.5 16.9 4.0 42.4 
Lyon 13.3 11 . 4 3,2 27.9 31. 7 14.5 4.0 50.2 20.7 17.6 4.9 43 . 2 
O'Brien 16.5 21.3 4.9 42,7 40 . 0 28.2 6.4 74.6 33.0 34.0 7.7 74.7 
Osceola 13.4 10.4 2.3 26.1 26.1 12.1 3.1 41.3 18 . 5 14.4 3.9 36.8 
Plymouth 17.3 27.2 6,4 50,9 47,8 34,2 8,2 90 . 2 26.4 42,7 10.0 79.1 
Sac 17 . 0 19,4 4,0 40 , 4 41,0 24,8 5 , 0 70.8 32,9 31. 9 6.0 70.8 N 
Sioux 29 . 0 34.6 6,3 69.9 52,9 47,3 8.1 108.3 34.1 58.6 9.8 102.5 00 
Woodbury 15,8 251.8 34,9 302,5 48.1 334,l 43.0 425.2 37.0 398 . 9 52.0 487.9 
Each category's 
percent of 
total regional 
personal income 23,5 64,8 11, 7 100,0 37,4 53,3 9,3 100.0 26,6 62,4 11,0 100,0 
Table 10. Percent of total personal income in each county in Northwest Iowa from selected 
sources in 1970 and 1975 (43) 
Wholesale 
Manufac- and retail State and 
Farm turing trade Services local govt. 
County 1970 1975 1970 1975 1970 1975 1970 1975 1970 1975 
Buena Vista 27.3 41.4 19.7 9.8 18.0 16.5 11. 7 10.3 8 . 4 7.8 
Cherokee 20.6 33.9 21.0 16.5 15.8 12.3 10.9 8.7 16.6 15.5 
Clay 25.0 29.6 13.9 16.2 20.3 19.6 8.3 8.3 10.5 9.2 
Dickinson 32.4 30.7 16.4 18.5 18.9 19.7 9.4 9.6 10 . 1 9.2 
Ida 42.2 50.7 6.6 7.5 15.6 12.0 9 . 0 7.3 7.4 6.8 
Lyon 47.7 47.9 2.3 6.9 10.6 14.4 5.6 10.0 6.2 9.5 
O'Brien 38.6 44.2 3.7 6.6 21. 3 17.9 11. 7 8.6 9.4 8.3 
Osceola 51.3 50.2 8.8 5.5 13.8 11.2 5 .4 3.9 6.5 5.5 
Plymouth 34.0 33.4 9 . 0 8.2 19.2 19.6 11.2 11.8 9.6 9.9 N 
Sac 42.1 46 . 5 8.7 11.4 17.1 13.8 7.9 7.9 8.2 6.8 '° 
Sioux 41.5 33.2 12.9 16.1 15.2 18.3 10.9 11.1 7.3 7.8 
Woodbury 5.2 7.6 22.4 20.0 22.6 20.0 17 .0 15.9 7.9 7.5 
Region 23.5 26.6 16 . 2 15.1 19.5 18.0 12.7 11.8 8 .9 8.5 
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Table 11 . Variation in corn yields in bushels per acre from 1952 
through 1977 in the state and northwest region of Iowa 
(43) 
State Regional High yield Low yield 
Year average average AJD.ount County AJD.ount County 
1952 62.2 61.1 66.6 Ida, Sac 51. 7 Lyon 
1953 52.9 55.0 61. 7 O'Brien 46.7 Woodbury 
1954 53 . 9 57 .6 62.2 Cherokee 44.0 Woodbury 
1955 48 . 4 44.7 54.2 O'Brien 31.0 Woodbury 
1956 52.8 36.9 56.7 Osceola 19.1 Plymouth 
1957 62.1 58.9 65.3 Cherokee 55.2 Plymouth 
1958 66.0 55 . 7 70.5 Sac 42.4 Lyon 
1959 64 . 2 57.4 69.1 Buena Vista 40 . 3 Dickinson 
1960 63.2 66.1 76 . 9 Sac 50 .8 Plymouth 
1961 75.4 74 .1 83.0 Buena Vista 64 . 6 Lyon 
1962 77 .1 75.0 83.7 Ida 63 . 2 Dickinson 
1963 81.l 72.8 82 ,7 Buena Vista 56.4 Sioux 
1964 78.7 75.0 85 . 6 Sac 63 . 9 Plymouth 
1965 82 . 3 71.2 84 . 0 Sioux 57.6 Dickinson 
1966 89.0 84.5 90 . 6 Ida 71 . 8 Lyon 
1967 88.6 81. 2 93 , 5 Buena Vista 72.5 Dickinson 
1968 92.3 79. 8 102,0 Buena Vista 59,0 Woodbury 
1969 97.6 102 . 8 116 , 9 O'Brien 89 . 4 Plymouth 
1970 85.8 68 . 9 90 , 2 Dickinson 51.4 Lyon 
1971 99.8 93.1 103,0 Buena Vista 83 , 0 Plymouth 
1972 110.6 110, 2 117,0 O'Brien 105,0 Dickinson 
1973 103.9 105.2 120,l O'Brien 95,3 Plymouth 
1974 77. 7 70. 2 90,8 Buena Vista 47,l Lyon 
1975 86.2 85 . 3 97 , 6 Buena Vista 65 , 3 Plymouth 
1976 91.4 67,8 91,7 o•Brien 52 , 8 Plymouth 
1977 88.0 103,8 118,5 Buena Vista 88,2 Sac 
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Table 12. Variation in soybean yields in bushels per acre from 1952 
through 1977 in the state and northwest region of Iowa 
(43) 
State Regional Rish xield Low xield 
Year average average Amount County Amount County 
1952 25.3 24.0 28.2 Ida 18.9 Dickinson 
1953 21.4 22.8 27.9 Cherokee 16.1 Woodbury 
1954 26.0 27 .o 30,2 Cherokee 20.3 Woodbury 
1955 19.8 18.2 21.0 Cherokee 12.2 Woodbury 
1956 19.9 14,0 20.1 Clay 7.3 Plymouth 
1957 26.7 26.6 29,3 Cherokee 23,l Dickinson 
1958 25.1 22.0 26,9 Ida 17.7 Lyon 
1959 26.1 25.4 30.3 Buena Vista 19.5 Woodbury 
1960 25.7 26.8 29.9 Cherokee 22 . 9 Dickinson 
1961 28 . 5 28.7 33.0 Sac 23.3 Dickinson 
1962 27.4 27,6 30,3 Cherokee 21.1 Woodbury 
1963 30 . 4 30.0 33,0 Ida 26,9 Woodbury 
1964 28.5 28.7 32,5 Sac 24.9 Osceola 
1965 26.1 23. 8 27.3 Sioux 19.2 Dickinson 
1966 29.3 30.2 32,7 Cherokee 26 , 5 Lyon 
1967 27.4 26.2 31,l Sac 19,4 Dickinson 
1968 31. 7 24.4 33,2 Buena Vista 18,9 Lyon 
1969 32.3 33.2 37 ,5 O'Brien 30.0 Buena Vista 
1970 32.5 25,9 29.2 Dickinson 20 .7 Lyon 
1971 32.3 30.6 35,0 O'Brien 27.0 Woodbury 
1972 35.9 37,5 42,0 O'Brien 34.0 Woodbury 
1973 33.9 35,9 40,1 O'Brien 31.2 Woodbury 
1974 27.2 29,0 32,5 Plymouth 23,6 Osceola 
1975 32.8 35,5 38.1 Cherokee 31.1 Dickinson 
1976 30.7 28,5 33,9 O'Brien 24 ,8 Woodbury 
1977 
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irrigation . The reason for choosing Lyon County is that apart from 
having very low yields , it is believed by the author that the study 
of yield increases will be of interest to the populous of Lyon County, 
a county in which nearly all of its land is agricultural and has the 
highest percentage of population in the agricultural sector compared 
to other counties in NWIA. 
Lyon County 
Lyon County is located in the northwest corner of Iowa with the 
area of 588 square miles (376,320 acres) , It is bounded by Minnesota 
on the north, South Dakota on the west, Osceola County on the east 
and Sioux County on the south, Between Lyon County and South Dakota 
there is the Big Sioux River which is the most important river in the 
county. The Rock River and the Little Rock River are other important 
rivers which run through the county , According to the U.S . Department 
of Commerce (62), Lyon County has a population of 13,340. One half 
of this number (6,212} lives on farms , According to the 1978 Census 
of Agriculture (63), 356,316 acres are farmland, which is 95 percent 
of all the land, with the average size farm being 251 acres. There 
are only 534 acres of irrigated land, Even though the number of 
irrigated acres is low, when compared to the 28 acres irrigated in 
1974 and the 215 acres in 1969, the increase in irrigated land has 
been quite important. Farming is the biggest and the most important 
sector in the county. In 1975 , net farm income shares were 48 percent 
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of total income in the county, 20.7 million dollars out of total county 
income of 43.2 million dollars (63). 
Lyon County is the driest part in the region with the lowest 
average annual precipitation of 25-26 inches per year (the Iowa average 
is 32 inches per year) and only 19-20 inches of rain falls during the 
normal crop season of April through September. The normal precipita-
tion distribution a t Rock Rapids is shown in Tables 3 and 4 and 
Figure 4 . The average temperature is in the range of 15 to 75°F as 
shown by the distribution of temperature in Table 3, Also, Lyon 
County has the lowest average run-of f rate of two inches per year. 
There are two major soil types in the county--Moody and Galva-
Primghar-Sac which have high water holdi ng capacity, 
Being the driest part of the region, Lyon County has a relatively 
low soil moisture content available for plant use, According to Shaw, 
Felch and Duncan (51), the average soil moisture available for plants 
from the top five feet at different periods of the year is shown 
in Table 5 at Doon station , 
Lyon County has relatively poor crop yields for both corn and 
soybeans in the region due to the lack of water for crops . Data from 
the experimental station at Doon from the period of 1952-1977 show 
yearly yields as in Table 11, This water shortage for crop growth 
gives rise to the moisture stress problem which causes reduction in 
yields. According to Nielsonts studies (40), taking into account the 
differences in technology and management, the correlation between the 
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moisture stress index and corn grain yield were -.88 for the high 
yield site and -.83 for the low yield site. Without irrigation 
supplement, crop yields fluctuate drastically from year to year. At 
Doon (and Sutherland, and O'Brien counties), 47 percent of the years 
have yields which are reduced by 35~83 bu per acre due to moisture 
stress. In addition, in another 12 percent of the years the yields 
are reduced to an even greater extent. Lyon County has the highest 
yield increase potential due to irrigation in the region. 
Irrigation appears possible in Lyon County as well as in adjoi ning 
counties. Alluvial aquifers are available in some areas along the 
Big Sioux River, the Rock River and the Little Rock River. The Iowa 
Natural Resources Council (INRC) through 1980 issued 23 permits for 
irrigation of 2,754 acres in Lyon County. All of these permits, 
except two, use water from alluvial aquifers around the three rivers 
listed above. The other two permitteeshave wells of 200 and 280 feet 
deep, respectively, and use the water from the Dakota Sandstone 
Aquifer. The well depth ranges from 35 to 150 feet, with an average 
of 80 feet, Even though 2,754 acres are permitted for irrigation, 
this does not mean that all this land has actually been irrigated. 
However, the data illustrate the point that there are areas in the 
county where irrigation is physically feasible with average well 
depth of 100 feet. Since January 1, 1981, the INRC started issuing 
permits to withdraw water from the Dakota Sandstone Aquifer. There-
fore, another possibility is using the Dakota Sandstone Aquifer which 
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could provide more than 500 gpm (36) , Figure 9 shows the potential 
water yields from t he Dakota Sandstone Aquifer in NWIA . This indicates 
that there are some parts of Lyon Countywherethe Dakota Sandstone 
Aquifer gives high yield rates. This allows us to pursue the next 
step of the study, the economic feas ibility of irrigation to increase 
yields in order to improve farm income (net profit after tax) in 
Lyon County. 
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CHAPTER 3. IRRIGATION SYSTEMS 
The three most popular irrigation systems in NWIA are gated pipe, 
traveling gun and center pivot. The three systems have their advan-
tages and disadvantages, Their choice depends upon several considera-
tions, including field condition, soil character, types of crops 
irrigated and labor requirements, This section provides explanation 
of each system and its estimated cost . All estimated costs have been 
inflated from the 1976 (22) estimated values to 1979 cos ts. 
Gated Pipe 
Gated pipe is a section of pipe with adjustable outlets (gates) 
spaced a t row width inter vals throughout its length, The gated pipe 
is placed along the upper end of the slope , and water is allowed to 
flow down the furrow between the rows , The system can be portable 
or solid set and can be either automatically or manually controlled . 
The portable and manually controlled system has a low initial cost 
but a higher labor requirement , The solid set, au tomatically 
controlled sys tem, has a higher initial cost and a lower labor require-
ment. One advantage of a gated pipe system is that runoff water can 
be collected at the lower end of the slope and recycled , 
Fur rowed slope for a gated pipe system should not exceed 
one percent or be less than 0,2 percent to provide proper flow rate of 
water across the field. It can be used on 1-2 percent slopes if 
erosion from rainfall is not a problem, Land leveling is required 
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in parts of some fields to adjust the l and slope before installation 
of the system. The pressure at the pump is usually 10 pounds per 
square inch (psi) or less and the pressure at the gate is usually 
less than one psi. For well capacities up to 1,000 gallons per 
minute (gpm), 8-inch gated pipe is usually used and for well capacities 
of 1,000 to 16,000 gpm, 10-inch gated pipe is used. The gates 
should be large enough to deliver 50 gpm at 1/3 psi, The length of 
run should not exceed 600 feet on sandy soils and 1,300 feet on clay 
soils . 
A reuse system which picks up water run-off at the end of the 
slope and puts it back to use again helps to conserve irrigation 
water . Gated pipe is best adapted to soils with medium to low water 
intake rates and medium to deep soils which can be land graded to 
leave sufficient top soil. The system can give up to 80-90 percent 
efficiency with good management (22}, The gated pipe syste.m has a 
lower operating pressure, lower operating cost and a lower initial 
cost than the other two systems , but it requires the highest level 
of management. 
The estimated cost for the water distribution system for a 1/4 
section of land including mainline , gated pipe, and reuse system is 
$11,180 (22). 
Traveling Gun 
A traveling gun system consists of a large volume sprinkler 
on wheels, a flexible 4-5 inch hose and a method of winching the gun 
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and hose continuously forward. The mainline is used to feed the 
f lexible hose usually placed across the center of the field with 8-12 
foo t travel lanes provided at right angles to the mainline. The 
mainline has the diameter of 6 to 8 inches and must be burie d. The 
flexible hoses are connected to the mainline near the edge of the 
travel l ane . The travel lanes are l eft out of production and should 
be seeded to a close-cover crop. 
A flow rate of at least five gpm per acre is usually used. Lane 
spac ing of 270 to 300 feet for a 500 to 900 gpm unit is common. The 
lane spacing is determined by the sprinkler watered diameter and 
expected wind velocities. 
The drive system is usually ei ther a water piston, water turbine, 
or internal combustion engine, The water piston oper ates with pressure 
from the system. The pressure moves the piston which is attached to 
a ratchet drive. The ratchet drive turns a drum which winds the 
cable and causes the sprinkler to move, The speed of the system i s 
controlled by turning a valve which regulates the amount of water 
f low through the drive system. 
The water turbine drive uses water pressure to turn a turbine 
wheel which drives a chain and sprocket through a gearbox. The amount 
of water passing through the turbine wheel is regulated by a valve 
which controls the water speed, 
The operation is performed by placing the sprinkler at one end 
of the first travel lane, The cable is unwound to the other end and 
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anchored. The flexible hose is attached to the mainline connection 
at the center of the travel lane. The sprinkler moves forward, while 
the cable is wound on a drum, and stops automatically at the end of 
the lane . Most units used are air compressed to remove water from 
the hose prior to reeling it up , The sprinkler and hose are then 
moved to the next travel lane , 
The traveling gun is easily adapted to odd shaped fields because 
it is portable . However, it requires high operating pressure to 
compensate for (1) the friction loss in the flexible hose, (2) pressure 
to propel the machine and (3) needed pressure to operate the nozzle . 
The system r equires moderate initial investment and medium labor 
requirements. 
Operating pressures range from 60 to 140 psi, Pumping costs are 
30-50 percent higher than center pivot systems , Wind can distort 
the distribution pattern and cause dry strips if lanes are too far 
apart. The system must be moved f rom one location to another every 
12-24 hours. 
The estimated cost for the water distribution system for 100 
acres including gun, cart, hose and inainline is $18 , 200 (22). 
Center Pivot 
A center pivot sprinkler system is self-propelled through the 
use of electric, water or oil drives , A typical quarter section (of 
land) system with an end gun will irrtgate 128~135 acres (22) , 
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Approximately, 150 acres can be irrigated with a corner system which 
regulates the pressure of water to increase around the corner so that 
the water shoots out further and reaches the end of the corner . A 
center pivot can apply from 1/4 inch to two inches of water per 
revolution. The rate which the system travels and the amount of water 
pumped through the system determine the amount of water applied. 
Since the sprinklers near the pivot cover much less field area when 
making one revolution than the outer end ones, in order to make uniform 
water application the nozzle size at the end is bigger or more sprinkler 
heads are added at the outer end. Approximately, one- half of the 
acreage irrigated is sprinkled by the outer one-fourth of the line . 
Although the center pivot system has the highest initial invest-
ment, it is popular due to its relative low labor requirements . 
Present design allows some models of center pivot to be used on slopes 
up to 20 percent. The system is easily adapted for chemical injection 
along with the water application . An operating pr essure of from 
65 to 85 psi at the pivot point ~s required, Sprinklers along the 
line require approximately 45 psi to ensure water break up and get 
the desired distribution pattern , A minimum flow rate of 5-6 gpm 
per acre is usually used as a design criteria . For a quarter sec tion 
of land (135 irrigated acres), approximately 675-810 gpm is required , 
Three different drive systems are briefly described as follows: 
Water drive system, A water drive system can move only with 
applying water. Ther e are two types of water drive systems~~the 
43 
water piston and ratchet drive, and the centrifugal (water spinner 
motor) drive. The power is s upplied from the system or from a 
separate pump. The piston and ratchet drive uses water pressure to 
move a piston which is connected to a ratchet. The ratchet pushes 
on lugs on the wheels and causes the tower to move, A water-flow 
control valve on the piston on the end tower regulates the travel 
speed. 
With the centrifugal drive, water escaping from each end of the 
discharge pipe turns the motor which drives the tower wheels through 
a worm gear and chain drive, A water drive system costs approximately 
$5,000- $8,000 less than other drive systems , 
Oil drive system, The system consists of either r otary gear 
oil motors or reciprocating cylinders which are connected to trojan 
bars. The rotary motor generates power to move the wheels. For a 
reciprocating cylinder, the trojan bars engage wheel lugs to turn the 
wheels . A pump at the end of the pivot has oil pressure of 600-200 
psi. The initial cost of an oil drive unit is higher than a water 
drive, but it has the added flexibility of instant reverse and the 
ability to move forward or reverse without applying water. 
Electric drive system, The electric drive system has a 0.5-1.5 
hp motor mounted on each tower. The motors drive each tower 
individually through a system of gears and chain drives, Most systems 
operate with 440-450 volts--three-phase electric power, Elec tricity 
is supplied by either underground cable which leads f rom a commercial 
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sour ce to the pivot point or an engine~drive generator, The speed 
of the system is controlled through a variable speed motor or t imer 
controlled at the end tower motor, 
The electric drive systems are more expensive than water 
driven systems , The advantage is that the system can be moved without 
application of water and r esponds instantly to t he controller . 
The estimated initial cos t for the water distribution system 
for a quarter sec tion of land (160 acres) for the oil drive s ys tem, 
the electric drive system, and the water drive s ys tem are $44 , 200, 
$41 , 600, and $36,400, respectively (22), 
Initial and Operating Costs Comparison 
of the Three Systems 
The cost comparison of the three systems are tabulated both by 
initial costs and operating costs in Tables 13, 14, 15 and 16 . The 
center pivo t system has the highest initial cost as well as 
oper ating cos t but it is the most efficient system for applying 
water for cr op consumpt i on, 
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Table 13. Initial cos ts of the three irrigation systems 
Expected Gated 
life pipe 
Item (years) (dollars) 
Well (100 ft) 25 3,000 
Pump 18 4,100 
Diesel power unit 12 5,000 
Gearhead 12 1,000 
Fuel tank 20 375 
Pipe (mainline) 15 2,600 
Distribution system 15 3,000b 
Reuse system 15 32000 
Total initial cost 22,075 
Acr es irrigated 150 
Initial cost per acre 147 
a(22), applies to a 120-acre crop unit . 
bPortable set. 
Traveling 
gun 
(dollars) 
3,000 
4,900 
7,000 
1,250 
375 
4,000 
10,000 
30,525 
100 
305 
(1976 costs) a 
Center 
pivot 
(dollars) 
3,000 
4,700 
6,500 
1,250 
375 
30,000 
45,825 
135 
339 
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Table 14. Initial cost of the three irrigation systems (1979 cos ts) 
Expected Gated Traveling Center 
life pipe gun pivot 
Item (years) (dollars) (dollars) (dollars) 
Well (100 ft) 25 3,900 3 , 900 3 , 900 
Pump 18 5 , 330 6,370 6,llO 
Diesel power unit 12 6,500 9,100 8,450 
Gear head 12 1,300 1, 625 1,625 
Fuel tank 20 500 500 500 
Pipe (mainline) 15 3 , 380 5,200 
Distribution system 15 3,900 13 ,000 39 , 000 
Reuse system 15 3 ,900 
Total initial cost 28, 710 39,695 59 , 585 
Areas irrigated 150 100 135 
Initial cos t per acr e 190 397 441 
aThe data are adjus t ed with the assumption that costs increase 
ten percent per year f r om the data for 1976; applies to a 120- acre 
crop unit. 
a 
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Table 15. Annual (1976) costs of irrigation from the alluvial aquifer 
with assumed well depth of 100 feet (22) 
Gated Traveling Center 
pipe gun pivot 
(dollars) (dollars) (dollars) 
Inches of water applied per year 9 8 7 
Diesel fuel-- 37c per gallon 3,32 11.99 7.34 
(gallons) (8.97) (32,41) (19 . 84) 
Maintenance and repair 2 , 21 3,05 1.00 
Labor--$4.00 per hour 6.00 5.00 1.00 
Total operating cost per acre 11.53 20 . 04 13,19 
Fixed cost a 17 , 69 37 .11 41.23 per acre 
Total cost per acre 29 . 22 57.15 54.42 
aDepreciation, taxes, insurance , and interest @nine percent; 
applies to a 120-acre crop unit. 
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Table 16 . Annual (1979) costs of irrigation from the Dakota Sandstone 
Aquifer assuming well depth of 350 feet a 
Expected Gated Traveling Center 
life pipe gun pivot 
Item (years) (dollars) (dollars) (dollars) 
Well (350 ft)--
@ $35 per foot 25 12,250 12,250 12,250 
Pump-- add another 
200 feet lift 18 7,730 8, 770 8,510 
Diesel power unit 12 8 , 450 9,100 9,100 
Gear head 12 1,300 1,625 1,625 
Fuel tank 20 500 500 500 
Pipe (mainline) 15 3,380 5,200 
Distribution system 15 3,900 13,000 39,000 
Reuse system 15 3 1 900 
Total initial cost 41,410 50,445 70,985 
Area irrigated 150 100 135 
Initial cost per acre 276 504 526 
aApplies to a 120-acre crop unit . 
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CHAPTER 4. WATER RIGHTS INSTITUTION AND 
IOWA IRRIGATION RESTRICTIONS 
Water Rights Institution 
Most laws and institutions concerning water as a natural resource 
dealing with the uses, ownership, and allocation were developed prior 
to 1900 (13) . The interest of society at that time was to increase 
agricultural outputs. The main objective of these laws and institu-
tions was to make water available for irrigation at a low cost . As 
time passed, more land was brought into agricultural use with the 
assistance of technological progress. Thus, agricultural output 
continued to increase and now even exceeds domes tic demand. During 
this time, society has shifted from an agricultural orientation to an 
industrial orientation . Land, as well as other natural resources 
like water, are becoming increasingly scarce. This brings about a need 
for change in the laws and institutions to be compatible with society's 
goals . Unfortunately, since these laws and institutions are often 
taken as external forces imposed upon society and its members, lags 
of responsiveness to society goals result. This chapter will discuss 
existing water laws and institutions for both surface water and 
ground water in the United States in general and in specific to Iowa 
laws concerning irrigation. 
Laws and institutions concerning the use of natural r esources 
have centered around the concept of property rights which define the 
privilege, restriction, and obligation upon the use of objects to the 
so 
party who obtains such rights. While the public property right 
concepts declare the right and privilege in the use of water to the 
benefit of society as a whole, the private property rights on water 
give total privileges to an individual who holds such rights i n using 
his water share. The private property idea is based upon the bel ief 
that an individual takes better care of an object solely belonging 
to him than when it belongs to the whole socie ty . Thus, the best 
interest of society is served when resources receive the best manage-
ment. However, one is still subject to a set of restrictions and 
obligations defined by each society. 
In the United States, water was originally classified as private 
property and laws and social institutions concerned with the allocation 
and the use of water were developed using this concept. However, 
different states developed different sets of laws upon the rights 
and allocation of water which were mainly influenced by the degree 
of scarcity of water in each area, Some major classifications of these 
laws , rules and regulations about the rights and allocation of water 
will be discussed for surface water and ground water. 
Water r ight s and allocation of s ur f ace water 
The rights and allocation of surf ace water laws and institutions 
were establ ished and developed on t hree basic legal doctrines of 
water right. These are the Ripar ian, the Appropriation and the 
Administrative Doc trines. Each state develops the law classifying 
water either as p-rivate or public property. 
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The Riparian Doctrine of water rights, established by states in 
the Eastern United States , evolved from the English system. Under 
this doctrine only tidewater s and navigable waters are public property, 
the rest are private property owned by the owners of the land adjacent 
to the str eam or upon which the streams flow , This land is termed 
Riparian land. Each owner of Riparian land owns the bed of the 
stream and is entitled to have the stream continue to flow in its 
natural condition . The owner can make use of water upon his land 
as long as the stream remains undiminished in quantity and quality when 
it leaves his land. 
In the United States, however, this Riparian concept applies a 
reasonable use concept to evaluate the use of water . It allows for 
water uses of any purpose for which the land is naturally adapted 
even if it r esults in some reduction of the quantity or quality of 
water in the stream. Its purpose is to make water available for 
irrigation and waste disposal. However, one cannot alter the flow 
to the extent that damage results to other Riparian users along the 
watercourse , 
The Appropriation Doctrine allows the withdrawal of water from the 
stream by anyone who could put it to a beneficial use, It also 
permits the diversion of water from a natural watercourse as long as 
the water i s put to a beneficial use , It recognizes the priority of 
users upon the date which one acquires the water right, The owner of 
the oldest water right is entitled to his full delivery of water 
before water is made available t o the next oldes t owner . 
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The Administrative permit system, contrary to the Appropriation 
Doctrine, gives equal priority in general. However, the permits are 
usually for limited terms which vary from one to a maximum of fif t y 
years in different states. Permits are frequently renewable when the 
administrative agency sees it i s for the public interest, 
Some states established water laws and institutions by using a 
combination of these three water rights doctrines rather than adopting 
any single one . These doctrines are closely related to society's 
perception of individual and society's rights . Twenty-seven states 
declare water to be public property and twenty- three states hold that 
water is private property, Table 17 shows the basic water rights 
doctrine adopted by each state and methods of acquiring water and loss 
of rights. 
The transferability of water among users has great influence 
upon the ability of society to adjust the allocation of water over 
time . In all fifty states a water right is transferred by the sale 
of land to which the water right is appurtenant, Other ways to 
transfer the water rights is through the purchase of severed r ights 
which is practiced by twenty- three states, Water rights can also 
be acquired through appropriation and application for a permit. 
Two states, Colorado and Montana, allow for appropriation as a way 
to obtain water right , Twenty-five states have some type of permit 
process for acquiring water rights, 
Another flexibility in allocation of water deals with the ability 
of the water owner to change the point of diversion, place of use and 
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Table 17 . SLtilllllary of state water right doctrines, concept of water 
as public or private proper ty, methods of acquiring water 
rights and loss of rights (12) 
Water as Acquire water Lose water 
Doctrine property right right 
-0 
Q) 
H 
-0 Q) 
c: :> -0 
C13 Q) Q) c: .-i Ill c: C13 H 
0 0 -0 Q) 
-M ~ ~ -M i:: :> u 0 0 u cU Q) 
C13 C13 .-i Ill c: -M Q) Q) -M 
C13 H Q) Ill I/) H ~ ~ 
-M 0. u u u C13 C13 CJ) 0. u 0 0 Ill Q) Q) 
H 0 'M -M C13 .c: .c: u 0 -M u I/) Ill 
C13 H ~ .-i :> (.) u .c: H e Q) Q) .c: :I :I 0. 0. ..0 -M H H 00 0. .-i .-i 00 Ill c: 
State -M 0. 
Q) ::I H :I :I'M 0. Q) ct! C13 ·ri -M 0 
P:: < p.., p.., p.., p.., p.., )..< < p.., Cf.) Cf.) )..< l:: z 
Alabama x x x x 
Alaska x x x x x x x x x 
Arizona x x x x x x x x x 
Arkansas x x x x x 
California x x x x x x x x x x x 
Colorado x x x x x x x x 
Connecticut x x x x x x 
Delaware x x x x x x x 
Florida x x x x x x x 
Georgia ~ x x b x x b Hawaii x x x x x x 
Idaho x x x x x x x x x 
Illinois x x x x x 
Indiana x x x x x x x 
Iowa x x x x x x x x 
Kansas x x x x x x x x x 
Kentucky x x x x x x x 
Louisiana x x x x x 
Maine x x x x x 
Maryland x x x x x x x x 
Massachusetts x x x x x x x 
Michigan x x x x x 
Minnesota x x x x x x x x x 
a 
Conveys only those water rights appurtenant to the land . 
bHawaii's water right system is an outgrowth of ancient custom and 
has many unique characteristics not conformable t o notation in the 
table. 
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Table 17. (continued) 
Water as Acquire water Lose water 
Doctrine property right right 
-0 
Q) ,... 
-0 Q) 
0 :> "O 
ti! Q) Q) 
0 r-l en 0 ti! 1-l 
0 0 "O Q) ..... ~ ~ 'rl 0 :> 
.u 0 0 u ti! Q) 
ti! ti! r-l en 
0 ..... Q) Q) ..... 
ti! ~ Q) en en 1-l U-4 U-4 
"M 0. .u () .u ti! ti! (/l 0. .u 0 o en Q) Q) 
1-l 0 •rl •rl ti! ..c ..c .u 0 •rl .u (/) en 
ti! ,... e r-l :> () () ..c ~ e Q) Q) ..c :l :l 0. 0. ,.0 ..... ,... ,... 00 0.. .-t r-1 00 en 0 
"M 0. Q) :I ,... :l :l ..... 0. Q) ti! ti! ..... ..... 0 
State r::: < p.. p.. p.. p.. r:i.. ,... < p.. en en ~ ~ :z 
------
Mississippi x x x x x x x x x 
Missouri x x x x x 
Montana x x x x x x x x x 
Nebraska x x x x x x x x x x 
Nevada x x x x x x x x x 
New Hampshire x x x x x x x 
New Jersey x x x x x x x x x 
New Mexico x x x x x x x x x 
New York x x x x 
North Carolina x x x x x x x 
North Dakota c c x x x x x x x x x 
Ohio x x x x x x x 
Oklahoma x x x x x x x x x x 
Oregon x x x x x x x x x 
Pennsylvania x x x x x x 
Rhode Island x x x x x 
South Carolina x x x x x 
South Dakota x x x x x x x x x x 
Tennessee x x x x x 
Texas x x x x x x x x 
Utah x x x x x x x x x 
Vermont x x x x x 
Virginia x x x x x 
Washington x x x x x x x x x 
West Virginia x x x x x 
Wisconsin x x x x x x x 
Wyoming x x x x x x x 
c be severed for beneficial use only upon approval of Can the state 
engineer . 
55 
type cf use of water. Different states allow for various degrees 
of the water utilization flexibility. However, due to national 
interest in environmental quality and pollution control, all states 
have incorporated pollution control legislation into their statutes. 
Some states, including Iowa, have even extended the legislation beyond 
pollution control to cover all aspects of water ownership allocation 
and use. 
Loss of water rights is through the sale of land to which the 
water is appurtenant and sale or transfer of severed rights. Misuse 
of the water and nonuse or abandonment can also result in loss of 
water rights. All states, except Alabama and Hawaii, provide for the 
termination of water rights if the water is misused or wasted. 
Twenty-one states provide for the forfeiture of water rights due to 
nonuse of water or abandonment of the right after a period varying 
from three to ten years. 
Different states have different systems for administration of 
water rights and resolution of conflicts concerning water issues. 
These systems can be classified into four categories as administra-
tive agency, commissioner, state engineer and court. The system 
used for the administration of water rights may be different from 
the unit used for the resolution of conflict by a particular state. 
Water rights and allocation of ground water 
In most states, ground water is commonly divided into two classes 
for legal purposes: 1) underground streams and basins which flow in 
56 
known and definite underground channels and 2) percolating waters 
which ooze, seep or flow beneath the surface of the earth in no 
known or identifiable natural channels. Most states use a separate 
doctrine in developing laws and institutions concerning ground wa t er. 
Legislation for ground water involves the privileges given landowners 
of aquifers beneath their land and the relationship among landowners 
over the common aquifer . These l aws ar e based on four basic ground 
water doctrines. These are the Englis h Rule, the American Rule, the 
Correlative Rights Doctrine and the Prior Appropriation Doctrine. 
The English or Common Law Rule considers water beneath the land 
as par t of the land and as belonging to that particular landowner. The 
landowner can utilize any amount of water from his land without any 
liabilities for harm to neighbor ing property owners as long as there 
is no malice intended, 
The American Rule or Reasonable Use Right also recognizes the 
water beneat h the land as part of the landowner's property which he 
can utilize without limit, However, it requires that such beneficial 
use must be upon t he land from which the water is taken, The American 
Rule also restricts a landowner to reasonably using his ground water 
so as not to harm neighboring owners with similar rights, 
The Correlative Rights Doctrine views the landowner as possessing 
a vested right to the use of ground water beneath his land but not a s 
an absolute owner . This doctrine realizes the nature of ground 
water which is overlain by land owned by many people and that with-
drawal of water by any one person affects all of the owners . 
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Landowners can withdraw ground water beneath the land for beneficial 
use upon the land from which it is taken. However, if there is a 
shortage of water, the amount of water wit hdrawn is allocated in 
proportion to t he land owned over the aqui f er. 
The Prior Appropriation Doc trine is a "first in time , f i rst in 
right" approach and is not tie d to land ownership, Anyone who puts 
water to a beneficial use has the right to do so using a chronological 
hier a r chy basis, The quantity of water to which an appropriator 
is entitled is determined by the amount he previously used and he may 
transfer water t o any location as long as it is put into a beneficial 
use. 
Each of these doctrines i s used as the basis for legisla t ion 
of the two previously mentioned types of ground water by each state . 
While some states consider all ground water to be the same and use 
the same doctrine, others consider the two types of ground water t o 
be different and use diffe r ent doctrines for each one, Table 18 
shows the doctr ines used for ground water by diffe rent states . 
Water Rights Concept in Iowa 
Iowa declares all water as affected with public interest and 
appoints the Iowa Natural Resource Council ( INRC) to take responsibility 
in establishing and enforcing an appropriate comprehensive statewide 
program f or the control, utilization, and protec tion of s urface and 
ground water . It requires that the use of water must be of beneficial 
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Table 18 . Ground water doctrine adopted by each state (13) 
Doctrine pertaining to 
Percolating Underground 
State 
Alabama 
Alaska 
Arizona 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 
Florida 
Georgia 
Hawaii 
Idaho 
Illinois 
Indiana 
Iowa 
Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 
water 
American 
Am . a erican 
American 
American 
Correlative use 
a Appropriation 
English 
Permit 
Pertnit 
American 
Correlative useb 
Appropriation 
American 
English d 
American 
English 
English 
English 
English d 
American 
English 
American 
Pertnit 
English 
American 
s tream 
American 
a American 
Appropriation 
American 
Appropriation 
Appropriation a 
English 
Permit 
Permit 
American b 
Correlative use 
Appropr iation 
c 
English d 
American 
Appropriatione 
Ripariane 
English 
Riparian: 
American 
Ripariane 
American 
American 
Riparian-Approprint ione 
Ripariane 
aUnappropriated water subject to administrative control. 
tion. 
bNo rights accrued prior to passage of correlative use legisl a-
~o court decisions. 
~ermit required. 
e 
Same as doctrine for surface streams, in most instances this 
would be equivalent to the "Beneficial Use" or American Doctrine , 
Table 18. (continued) 
State 
Montana 
Nebraska 
Nevada 
New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 
Utah 
Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming 
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Doctrine pertaining to 
Percolating Underground 
water 
American 
Correlative use 
Appropriation 
American 
Americang 
Appropriation 
American 
American 
Appropriation 
English 
Permit h 
American 
American 
English 
English . 
Appropriation1 
American 
American 
Appropriation 
English 
America 
Appropriation 
American 
English 
Appropriation 
stream 
f Americ an 
Correlative use 
Appropriation 
American 
Americang 
Appropriation 
Riparian 
American 
Appropriation 
Riparian 
Pennit h 
American 
American 
English 
Englishg . 
l. Appropriation 
Ripariane 
American 
Appropriation 
Ripariane 
e Riparian 
Appropriation 
Ripariane 
English 
Appropriation 
fPermit required for new filings after January 1, 1962. 
gPermit required in designated areas. 
hBeneficial Use Doctrine prior to 1953, permit required for new 
filings after August 3, 1955. 
i 
Permit required for all wells developed after February 28, 
1955. 
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use to the fullest extent of which users are capable and prevents the 
waste or unreasonable methods of use of water. The "beneficial use" 
has been defined in the Code of Iowa as the application of water t o 
a use ful purpose that incurs to the benefit of the water user. This is 
subject to his dominion and control but does not include the was t e 
or pollution of water. Any conflicts or violations of res tr ictions 
concerned with water rights will be brought to a settlement in 
court by the INRC. 
Iowa has established laws and rules concerning surface water 
based on the combination of the Riparian Doctrine using the concept 
of reasonable use and the Administrative permit system. The doctrine 
used for ground water is the American Rule for both types of ground 
water, i.e. underground streams and basins and percolating waters . 
Wate r is allowed to be withdrawn for beneficial use by one who obtains 
a water permit which is issued by the INRC. A water permi t s t ates 
the quantity, time, place and rate of diversion storage or withdrawal 
which is allowed for each permittee based on the principle of bene-
ficial use. No change of point of diversion, place of use, nor the 
nature of use of water is allowed without approval by the INRC. 
Apart from acquisition of water rights through water permits, one 
may acquire such rights from the purchase of land which carr i es 
appurtenant water rights, Loss of water rights occurs due to sale 
of land, misuse or nonuse. The rights to use water will be 
terminated if the permittee ceases to use it for three consecutive 
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years. Iowa has issued laws and restrictions which incorporate 
pollution control together with other aspects concerning the ownership, 
allocation and nature of use of water since 1957 (13). 
Regulating the Division and Withdrawal 
of Water for Irrigat ion 
The INRC has def ined "irriga tion use" as a use of water associated 
with a water withdrawal and distribution system designed and constructed 
to supply water primarily for irrigation of general farm crops , 
specialty crops, or grass maintained for aesthetic or recreational 
purposes. The INRC has a lso declared law concerning withdrawal of 
water for irrigation purposes in the Iowa Administrative Code, agency 
number 580 as: 
... 3 . 3(45SA). Amount of water authorized by permit 
3 . 3(1) Irrigation permits 
a . For gener al fa rm crops , such as gr ain and hay 
(including alfalfa), t he maximum annual quantity of water 
withdrawn shall be equivalent to twel v e acre- inches per 
acre. For specialty crops such as vegetables, fruits, and 
sod the maximum annual quantity of water withdrawn shall 
be equivalent to twenty-four acre-inches per acre. 
b. The maximum monthly quantity of water which may 
be withdrawn for irrigation of general farm crops shall 
be six acre- inches per acre. The water cotmnissioner may, 
upon a showing of adequate supply of irrigation water 
and urgent need a permittee during a period of significant 
precipitation deficiency, authorize more than six acre-
inches of general farm crops. Said authorization shall 
be limited to a term not to exceed t hirty-one days. 
Withdrawals of water f or irrigation r equire an authorized water 
permit issued by the INRC. Each permit issued and renewed shall not 
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exceed a one- year period except those permits which had been granted 
before May 6, 1977. Hallberg and Kock (24) es timate most irrigation 
water, about 60 percent in Iowa, is from wells or ground water 
supplies, only 18 percent from streams or surface water, 5 .5 percent 
from r eservoirs , and 16 percent from a combination of all these 
sources. In Northwest Iowa, however, most irrigation water is from 
ground water and it is suspected to be a higher percentage than Iowa 
as a whole. The main reasons for not utilizing surface water for 
irrigation are the restrictions on the amount and time of withdr awals 
which make stream water not feasible for irrigation during the needed 
period . 
Under Iowa's water right law, minimum flow in str eams 
protected from withdrawal from streams must not exceed two hundred 
gallons per minute. The minimum. flow in streams is determined by 
a) average of minimum daily flows occurring during the preceding years, 
b) minimum daily flows shown by experience to be the limit at 
which further withdrawals would be harmful to the public interest 
in any particular dra inage area, and c) those minimum daily flows 
shown by established dischar ge records and experiences to be definitely 
harmful to the public interest. The f low data of streams are obtained 
from the stream gaging stations of the U.S. Geological Survey which 
measure flow in terms of cubic feet per second . Details on the level 
of protected low flow of each stream in Iowa are in the Appendix, 
A more attractive choice of irrigation water is from ground water 
which is also subject to some restriction in addition to the restriction 
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under 3.3(455A) (30 and 42) . Withdrawals from unconsolidated aquifers 
adjacent to streams are also subject to protected low flow restrictions 
unless the applicant or permittee can demonstrate that such with-
drawals do not reduce the flow of the stream. Withdrawals from the 
alluvial aquifers below the floodplains of streams bordering the 
state at any point within one-eighth mile of any interior streams 
are not allowed when the flow of such stream is at or below the seven-
day one-in-ten years (7 Q 10) low flow. This is the average flow 
of seven consecutive- day periods which occur ten percent of the time 
per year. This 7 Q 10 restriction is also applied for the with-
drawals of water from any point located between one-eighth mile and 
one-fourth mile of a stream other than a stream bordering the s tate. 
Withdrawals from unconsolidated aquifers adjacent to streams draining 
less than 50 square miles also cannot exceed the 200 gpm rate unless 
the permittee can demonstrate that a higher withdrawing rate has 
no effect upon the stream flows . 
Withdrawals from the Jordan Sandstone Aquifer, including the 
Prairie Du Chien formation and the St, Lawrence forma tion , for 
irrigation are subject to 200 gpm. Withdrawals from the Dakota 
Sandstone Aquifer for irrigation had been under this restriction 
also until it was abolished on January 1, 1981 . The Dakota Sandstone 
Aquifer is now an available water supply source for irrigation in 
Northwest Iowa. 
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To withdraw water from the Dakota Sandstone Aquifer at a rate 
exceeding 200 gpm, a permittee must conduct and submit an inventory 
of nearby wells as well as construct , maintain and monitor observation 
wells according to the specifications of the Iowa Geological Survey. 
The withdrawal of water shall cease if further withdrawals of wa t e r 
from the Dakota Sandstone Aquifer are causing the water level to 
decline constituting a significant threat to the public interest as 
determined by the INRC and the Iowa Geological Survey. 
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CHAPTER 5 . DEVELOPMENT OF LINEAR PROGRAMMING 
MODEL AND DATA REQUIREMENTS 
This study focuses on the economic feasibility of irrigation 
in an a rea with potential for high yield increase, Lyon County, in 
Northwest Iowa. The objective is to develop methodology which wi ll 
maximize net profit as app l ied to a particular farm in the area . 
Numerous production alternatives for different products compete with 
a number of different irrigation sys tems in order to derive the 
maximum net profit. Due to the nature of the problem which has many 
activities and cons traints, linear programming is an appropriate 
technique to use. Linear programming solves complex problems of 
simultaneous equations relatively easily. It allows for a high level 
of flexibility which is a valuable asset for policy decisions. 
Sensitivity analysis can be per formed by using parametric programming 
and range analysis which are useful in analyzing a variety of costs, 
prices, and resource levels. 
The Objective Function and Constraints 
The model a lso includes several asstllllptions which facilitat e i t s 
application. In order to obtain the optimum choice for any parti cular 
f a rm, specific infomation of the farm is needed so that the relaxa t ion 
of these assumptions can be made. Since this study is limited t o 
development and application of methodology, for illustrative purposes, 
the validity of the specific results for dec ision making is not 
nece s s arily important . 
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Several assumptions and procedures are used which impose 
limitation on the results . These assumptions include all production 
functions of a linear nature. This is because all production costs 
are evaluated in terms of variable costs. This means that average 
cost is equal to marginal cost and thus there are no fixed costs 
involved in this model to initiate economies of scale of production. 
Therefore, linearity of input and output costs are qui t e reasonable 
assumptions . 
Maximization of net farm profit involves choosing the level of 
production of different products which give the highest net profit 
taking into account interest changes , tax costs, and investment tax 
credit of these relevant activities with all monetary values in 
1979 values . There are 13 constraints--one is land acreage and the 
other twelve are owned labor-hour constraints of each month . The 
model can be expressed mathematically as : 
n x ! Maximize TI = (1-t) [ l Ri Xi - l c Y. (l+r)] 
i=l j=l a=l aj J 
x z 
+ l l kd Mdj yj 
j =l d=l 
x 
subject to: l s 
j =l j 
yj < s 
x 
l lmj Y. < L J - m j=l 
xi, Y. > 0 J - i 
::: 1, n .. . ' 
j 1 , ... ' x 
Ri, c aj' Mdj > 0 - d = 1, .. . ' z 
t, r, kd > 0 
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where n = net profit including invest tax credit 
t tax rate applied to the relevant income tax bracket 
x. 
1 
unit level of revenue creating activity i 
R. 
1 
price per unit of activity i 
Y. = product ion level of activity j 
J 
caj = cost of factor "a" per unit of production of activity 
r = interest rate charged on borrowed capital 
Mdj = machinery cost coefficient of machine d per unit of 
production of activity j 
kd investment tax credit rate for machine d 
S maximum acres of land available for production 
j 
S . = land coefficient in terms of acres per unit of production 
J 
activity j 
L maximum hours of owned labor available in month m 
m 
when m = 1, 2, ••• , 12 for January, February, ... , 
December 
1 . = labor coefficient in terms of hour per uni t of production 
IDJ 
of activity j. 
Data Requirements 
Land constraint 
According to the U.S. Department of Commerce (63), the average 
farm size in Lyon County is 251 acres, The model considers effects 
of farm size and irrigation activities on total net profit. Since 
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irrigation activities are usually associated with relatively large 
scale of production, 320 acres is a reasonable size to assume as bigger 
farms then can afford investment in irrigation. 1 
Labor constraint 
The model assumes one owned laborer who works a six-day week. 
Table 19 shows detail on the level of total owned monthly labor hours 
available. More labor hours can be utilized by hiring as many hours 
as needed each month at the cost of $4 . 50 per hour. 
Interest charged on borrowed capital 
All the operating capital (all expenses) is borrowed and paid 
back at the end of the year with interest. The model assumes a 
linearly increasing function of operating capital. 
$ 
M* 
time (year) 
1/2 1 
Figure 10. Borrowing pattern assumed for the model 
1
This assumption has been suggested by Jack Frus, Iowa State Uni-
versity Extension Specialist, from personal interview, Sioux City, Iowa, 
November, 1980 . 
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Table 19 . Monthly labor hours available (17) 
Labor hours Total labor hours Total monthly 
Month Date per day per period labor laws 
January 1-31 8 . 5 229.5 229 . 5 
February 1-28 8.5 204.0 204.0 
March 1-31 8 . 5 229.5 229.5 
April 1-24 8 . 5 178.5 223 .5 
25-30 9.0 45 . 0 
May 1-4 9.0 27.0 245 . 5 
5-30 9.5 218.5 
June 1-23 9.5 190.0 241.0 
24-30 8.5 51.0 
July 1-31 8.5 229.5 229.5 
August 1-31 8.5 229.5 229 .5 
September 1-5 8.5 34.0 243.0 
6-30 9.5 290.0 
October 1-31 9.5 266.0 266.0 
November 1-30 9.5 247.0 247.0 
December 1-4 9.5 28.5 
5-15 9.0 90.0 237.0 
16-31 8.5 119.0 
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A farmer start ed borrowing money for his expenses at the beginning 
of the year and as time passed more expenses occurred as shown in 
Figure 10. He sold the products at the end of the year and paid back 
all the loans with interest. The int erest charged is on the average 
amount of capital borrowed throughout the year as illustrated by M* 
in Figure 10; 
total amount of loans in a year interest charged = 
2 
x r 
where r = interest rate per year. 
The same result can be obtained as follows: 
interest charged r total amount of loans in a year x 2· 
The latter formula is used in the model. The model considers 
different levels of interest rates in order to capture the sensitivity 
of the solution to the interes t rate. Some of the interest rates 
considered are : 10%, 12%, 14%, 18% , 20%, and 22% per year. 
Crop pr oduction 
Crop rotations considered in this model are continuous corn, 
corn-soybean, corn- corn-soybean , and corn-oat-alfalfa-alfalfa. Each 
rotation has four irrigation system alternatives: no irrigation, 
gated pipe, traveling gun, and center pivot . Also, three alternative 
tillage practices are considered: fall plow , spring plow, and till 
plant, a minimum tillage operation. Therefore, there are twelve 
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possible techniques of production for each crop rotation as illustrated 
for the case of corn in Table 20. 
Table 20. Techniques of corn production 
Tillage Dry Irrigated land 
practices land Gated pipe Traveling gun Center pivot 
Fall plow Al A2 A3 A4 
Spring plow AS A6 A7 A8 
Till plant A9 AlO All Al2 
Crop yields Crop yield data are based on the following assump-
tions: 1) Corn production uses all 12 possible techniques shown in 
Table 20. 2) Soybean production has eight possible production 
techniques, Al-AB. 3) Oat and hay productions are not irrigated. 
4) All productions are an optimum level of management with optimum 
level of fertilizer. Thus, yield differences due to the amount of 
water available for plant use and tillage practices may be ascertained. 
Corn production The yield increase in response to 
irrigation ranges from the average of 46.5 percent to 50 percent of 
dry land yield if optimum level of water is available and 26 percent 
of dry land yield if one half of the optimum amount of water is used 
(39 and 40). Conservatively, the lower rate of yield increase was 
used in the model, i.e . 46.5 percent . This yield increase rate was 
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applied to the data on Lyon County average corn yields of different 
tillage practices observed over the period of 1968-1979 .
1 
These 
yields f rom different production techniques are shown in Table 20 . 
Soybean production The yield increases in response to 
irrigation of soybeans for all tillage practices are 26.8 per cent for 
the optimum amount of water used and 14.07 percent for one half of 
the optimum amount of water used (39). The percentage of yield 
increase was adjusted to the dry land yield data from Lyon County. 1 
The results are summarized in Table 21. 
Oat production Oat yields do not fluctuate much in 
response to tillage practices . Nicol and Heady ( 39) show no difference 
in yields between fall plow and spring plow tillage practices, which 
is 44.13 bu per acre . Till plant tillage practice gives a little 
higher yield of 44 . 66 bu per acre . No irrigation is used for oat 
production in Iowa . 
Alfalfa hay production The 1978 Census of Agriculture, 
Preliminary Report, Lyon County (63) showed an average yield of 
alfalfa hay (dry) in Lyon County to be 3.7 tons per acre . Till plant 
gives 0.8 percent higher yields than fall plow and spring plow which 
has been indicated by the data from Nicol and Heady (39). Therefore, 
the average yield used in the model is assumed to be 3 .. 7 tons per acre 
~ . Amemiya, Iowa State University Extension Service. Unpublished 
experimental results from Doon experimental farm, Lyon County, Iowa, 
1980 . 
Table 21 . Crop yields per acre per year, Lyon County (bushel/acre) 
Corn (continuous) Corn (after soybean) Soybean 
Dry Optimum One half Dry Optimum One half Dry Optimum One half 
Tillage land irrigation optimum land irrigation optimum land irrigation optimum 
prac tices irrigation irrigation irrigation 
Fall plow 101 148 127 107 157 135 35 44 .38 39.92 
Spring plow 97 142 122 106 155 133.56 35 44. 38 39.92 
Till plow 99 145 124 105 154 134 . 3 34 43. 11 38 . 78 
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for fall plow and spring plow tillage practices and 3,73 tons per 
acre for till plant. No irrigation is used for alfalfa, 
Irrigation levels and their effects on yields The model 
assumes that the planting date for corn is May 1 and for soybeans, 
May 15. At the beginning stage of growth there are usually no 
serious problems concerning limited water availability for either 
corn or soybeans due to two reasons. First, there is more water 
available for young plants both from soil moisture and spring rain-
fall . Second, plants are still small and need less water consumption. 
Therefore, irrigation is not needed in May. As plants grow and have 
bigger root spans, more water is needed. Limited water for plant 
consumption then affects the growth of plants and subsequently 
their yields. Shaw (48) did some studies on amounts of water consump-
ticn of corn under unlimited water supply situations as are compared 
in Figure 11 . 
In order to eliminate significant reductions in optimum yields 
due to water constraints , the model assumes t hat the soil moisture 
has to be maintained at the minimum level of 6.5 inches during June 
and 7.3 inches during July and August. From September 1 until harvest 
there is again enough water supply from irrigation to meet evapo-
transpiration for corn plants such that irrigation is not needed (43). 
However, this is not the case for soybeans. Water demand for soybean 
consumption is higher than . fo r corn i n September and a small level of 
s upplemental irrigation is required. 
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Table 5 summarizes monthly average soil moisture in Doon, Lyon 
County. Crop season rainfall data for Lyon County is the average 
of monthly precipitation from the two stations in the county, Rock 
Rapids and Inwood (43). According to a pe rsonal interview with 
Robert Shaw (I . S.U. Climatologis t, September, 1980) and M, Amemiya 
(I . S.U. Extension Service, September, 1980), the run- off level in 
Northwest Iowa as compared to the level of rainfall is negligible 
especially in areas with low levels of rainfall like Lyon County . 
Therefore, the effective rainfall level is approximated by the 
precipitation in Table 22. 
Table 22. Average monthly precipit ation for Lyon County (inches) 
June July August 
Inwood 4 . 32 3.02 2 . 75 
Rock Rapids 4 .28 3,06 2.97 
Monthly average 4 . 30 3 . 04 2.86 
Different tillage practices have no significant effect in 
var ying the level of irrigation requirements. Personal interviews 
with R. Shaw (I . S.U. Climatologist, September, 1980), M, Amemiya 
(I.S.U. Agronomist, September, 1980) , and Pearce (I,S .U. Agronomist, 
September, 1980) indicate that the level of soil moisture available 
for plant use is not significantly different from one tillage 
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practice to the other. Tillage practices affect soil moisture only 
in the top six inches of soil, which is negligible when compared 
to the total sixty inches (five feet) depth of soil out of which 
the plants can extract moisture. Therefore, the model assumes the 
same irrigation level as the supplemented moisture required for all 
tillage practices , 
Monthly plant water consumption is supplied from monthly 
precipitation and, if not enough, plants extract more water from 
soil moisture. Therefore, in the case of insufficient rainfall, soil 
moisture is deficit. Irrigation is used to provide supplemental 
water for crop consumption and t o balance the soil moisture level. 
However, in some cases it is used to increase or maintain the soil 
moisture level in the active root zone (top five feet) to the minimum 
level that will not cause a reduction in maximum yields due to 
moisture stress. 
Irrigation level Monthly irrigation requirements are 
calculated using the model in ''Land and water resources planning 
using goal programming" (44). This can be summarized by the following 
equation : 
IRi = (SMBi + RFi) - PCi + SME1 
inches of irrigation water in month i 
inches of soil moisture in the active root zone at 
the beginning of month i 
RFi = inches of precipitation for month i 
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PCi = inches of total plant water consumption for month i 
SMEi = inches of total soil moisture in the active root 
zone at the end of month i. 
The value of SMB is the actual available soil moisture in inches 
for the beginning period of irrigation. For other periods, it is 
the minimtnn leve l of soil moisture to avoid moisture stress in the 
following periods, 6.5 inches in June and 7.3 inches in July and 
August. The volume of SME is the minimum level of soil moisture 
required to avoid moisture stress problems to the plants and equals 
7 . 3 inches at the end of June, July and August. 
Tables 23 and 24 show the optimum effective levels of irrigation 
required for corn and soybeans by month based on the above equation. 
Irrigation starts in June and ends in August for corn . For soybeans, 
irrigation does not start until July and ends later in September. 
There are three major systems of irrigation considered as have 
been described in Chapter 3--gated pipe. traveling gun. and center 
pivot. Different systems require different levels of water in order 
to achieve the same effec tive irrigation l evel due to unequal 
efficiencies between the systems . The level of water applied by a 
particular system is estimated by the following equation with 
results shown in Tables 23 and 24. 
WATij = IR1 x (1 + ej) 
where WATij = total inches of water applied by irrigation system j 
in month i 
Table 23. Corn: optimum irrigation water requirement (inches), return period = 2 
Actual Amount of water a EE lied 
soil Total Travel-
moisture water Hinimum Gated ing Center 
average Average Total required level of Irriga- pipe gun pivot 
from water water from soil ti on 70% 75% 85% 
Doon Rain- used r e- soil moisture water effi- effi- effi-
Date 1962-1978 fall per day quired moisture required required ciency ciency ciency 
May 1-31 5.75 .076 2.4 
June 1-30 6.02 4.3 .154 4 .6 . 3 6.5 1.58 2 . 26 2 .11 1. 86 
July 1-30 (5 . 56)a 3.04 .28 8 . 4 5 . 36 7.3 5.36 7.66 7.15 6.31 
Aug. 1-30 (3 . 65) a 2 . 86 . 20 5.9 3.04 7.3 3.04 4.34 4.05 3.58 
-...) 
\0 
Sept. 1-30 (2.83)a .07 2.0 
Oct. 1-30 (3.47)a .OS 1.5 
Total 9.98 14.26 13.31 11. 75 
~alues in parentheses are not used in the calculation as the soil moisture level had been 
brought up to 7.3 inches after irrigation had started. 
Table 24. Soybeans: optimum irrigation water requirement (inches) , r eturn period = 2 
Actual Amount of wa ter a22lied 
soil Total Travel-
moisture water Gated ing Center 
average Total required Soil Irriga- pipe gun pivot 
from water from moisture tion 70% 75% 85% 
Doon require- soil remain- water effi effi- effi-
Date 1962-1978 Rainfall ment moisture ing required ciency ciency ciency 
May 15-31 5.75 1.5 
June 1-30 6.02 4.3 3.5 0 6.5 
July 1-30 5 . 56 3.04 5.8 2.76 7.3 4 .5 6.43 6.0 5.29 
Aug. 1- 30 (3 . 65)a 2 . 86 6 . 3 3.44 7.3 3.44 4 . 91 4 . 59 4 .05 
co 
0 
Sept . 1-30 (2. 83)a 2 . 88 3.7 . 82 7.3 . 82 1.17 1.08 .96 
Oct. 1-30 (3. 47)a . 3 
Total 8.76 12.51 11.68 10.30 
8values in the parentheses are no t used in the calculation. 
\ 
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IRi = inches of irrigation water in month i 
e . =efficiency coefficient of irrigation system j. 
J 
These optimum monthly levels of water applied for maximum crop 
yields from different irrigation systems have to be compared with 
the legal limitations to make sure that they do not exceed the total 
twelve inch-acre per year and six inch-acre per month. For some 
cases in which the level of water requirements exceeds this allowance , 
readjustments are made proportionally. 
Effect of effective irrigation levels on crop yields The 
previous section has discussed the highest yield responses to irrigation 
if optimum amounts of water are available for crop use. Unfortunately, 
water is not so plentiful in Northwest Iowa, especially in Lyon County 
during the crop season. The Iowa Administrative Code on ''Regulating 
the Division, Storage and Withdrawal of Water" (42) constrains the 
level of irrigation water. The result of these regulations is 
that the optimum levels of water for irrigation, as shown in Tables 
23 and 24, cannot be used. Table 25 shows the level of irrigation 
water fo r different irrigation systems used in the model, 
The constraint on the amount of water suppressed the crop 
yields. The model assumes that irrigated crop yields are reduced 
proportionally from the maximum level as shown in Table 26 for 
different techniques of production. Table 26 shows the adjusted 
yields of all considered crops using the following relationship: 
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Table 25. Actual irrigation water requirement (inches) 
Corn So::tbean 
Gated Traveling Center Gated Traveling Center 
Date pipe gun pivot pipe gun pi vo t 
June 1-30 2.05 2 . 06 1.86 
July 1-30 6 .00 6 .00 6 . 00 6 . 00 6.00 5.29 
Aug . 1- 30 3. 95 3,95 3 . 58 4.91 4 . 59 4.05 
Sept. 1- 30 1.17 1.08 . 96 
Total 12. 00 12.00 11.44 12.00 11. 68 10.30 
Table 26 . Crop yields 
Production 
Produc tion under 
under half 
optimum optimum Produc tion Production 
effective effective Production using using 
Dry land irrigation irrigation using traveling center 
Crop yields production level level gated pipe gun pivot 
Continuous corn 
Fall plow (bu/acre) 101 148 127 125 133 144 
Spring plow (bu/acre) 97 142 122 120 128 138 
Till plant (bu/acre) 99 145 124 122 131 141 
Corn after soybeans 
Fall plow (bu/acre) 107 157 135 132 142 153 
Spring plow (bu/acre) 106 155 133.56 131 140 151 
Till plant (bu-acre) 105 154 134 . 3 139 150 
00 
129 w 
Sol beans 
Fall plow (bu/acre) 35 44.38 39.92 42.57 44 .38 44 .38 
Spring plow (bu/acre) 35 44.38 39. 92 42 . 57 44 . 38 44 . 38 
Till plant (bu/acre) 34 43 .11 38.78 41.35 43.11 43.11 
Oats 
Fall plow (bu/acre) 44 . 13 
Spring plow (bu/acre) 44.13 
Till plant (bu/acr e ) 44.66 
Alfalfa 
Fall plow (ton/acre ) 3.7 
Spring plow (ton/acre ) 3 .7 
Till plant (ton/acre) 3.73 
CY .. 
1J 
YMAXi 
= OPIRi x ACTIRij 
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where CYij = bu per acre yield of crop i using technique of 
production j 
YMAX. 
1 
bu per acre of maximum yield of crop i using 
technique j when optimum level of irrigation is 
used from Table 21 
inches of total optimum irrigation water applied 
for crop i using technique j from Tables 23 and 24 
ACTIR .. = inches of total irrigation water actually applied 
1J 
for crop i using technique j of production from 
Table 25. 
Irrigation costs These costs are calculated excluding 
labor cos ts . Fixed cos ts and variable costs per year per acre are 
shown in Tables 14, 15 and 16. Tables 27 and 28 present irrigation 
costs for different levels of irrigation by different systems for 
corn and soybeans . Two well depths are considered . A 100-feet 
deep well is assumed for wi thdrawing water from the alluvial aquifer 
and a 350-f ee t deep well is assumed for withdrawing water from the 
Dakota Sandstone Aquifer. This adjustment is done under the 
recommendation of Stu Melvin. 1 
1
stu Melvin, Agricultural Engineer, Extension Service, Iowa 
State University. Personal interview, January , 1981 . 
Table 27. Irrigation costs (w/o L cos t) a 
1) Variable cost per inch 
of wa ter applied 
Gated pipe 
($) 
Diesel fuel (@ 92¢/gal) 0 . 92 
(1 gal) 
0.27 Maintenance and repair 
Total 
b 2) Fixed cos t per acre 
Fixed cost 
Land leveling cost 
Total 
1.19 
21.19 
9 . 35 
30.54 
Total 
cost 
Variable Total w/o fuel 
cost cost cost 
3) Inches of wa ter 
12 C SB 14.28 34.82 33.78 
11. 68 SB 
11. 44 c 
11. 30 SB 
Traveling gun Center pivot 
($) ($) 
3. 72 2.61 
(4. 05 gal) (2.84 gal) 
0.42 0 . 76 
4.15 3.37 
44 .45 49.39 
44.45 49.39 
Total Total 
cos t cos t 
Variable Total w/o fuel Variable Total w/o fuel 
cost cost cos t cost cost cos t 
49.80 94. 25 49.49 
48.47 92.92 49.36 
38 .55 87.94 58.08 
34. 71 84.10 57.22 
a 
Annual cost (1979) per acre fo r well 100 feet deep . Water is assumed t o be withdrawn from 
alluvial aquifer . 
b 
Data from Jack Frus. Adjusted by subtracting 10 percent for interest cost, tax and insurance. 
Then, increase price a t 10 percent per year from 1976-1979. (Fixed cost per year x 0.9 x (1 .1)3 . ) 
Add adjusted land leveling cost for gated pipe system. 
Table 28 . Annual cost (1979) for irrigation of well 350 feet-deep 
Gated pipe ($) Traveling gun ($) Center pivot ($) 
Inches of water applied 9 8 7 
Diesel fuel (gal) 20.97 gal 43 gal 29.14 gal 
Fuel used per inch 
of water applied (2.33 gal per inch) (5.38 gal per inch) (4 .16 gal per inch) 
(@ 92~ per gal) $ 2.14 $ 4.95 $ 3.83 
Maintenance cost per 
inch of water applied $ .27 $ .42 $ .76 
1) Total variable cost per 
inch of water applied $ 2.41 $ 5.37 $ 4.59 
2) Fixed cost per acre $33.57 $61. 29 $63.96 00 
°' 
Land leveling cost 
per acre $ 9.35 
Total cost per acre $42.92 $61.29 $63.96 
Total Total Total 
Variable Total cost w/o Variable Total cost w/o Variable Total cost w/o 
cost cost fuel cost cost cost fuel cos t cost cost fuel cost 
3) Inches of water 
applied 
12 C SB 28.92 71.84 46.16 64.44 125 .73 66.33 
11.68 SB 62. 72 124.01 66.20 
11.44 c 52.51 116. 47 72 . 65 
11. 30 SB 51. 87 115 . 83 72.55 
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Labor hours for crop production Monthly labor hour s for dry 
land production of different crops using spr i ng plow are shown in 
Table 29 . Adj ustment s for differen t tillage practices ar e made using 
labor coefficients from the Budget Generator 1979 (6) . The mode l 
assumes labor coefficients for irrigation are as follows (22): 
Irrigation system Labor hour per inch of water applied 
Gated pipe .17 
Traveling gun .16 
Center pivot .036 
Table 30 presents monthly l abor hours spent on i rrigation activi-
ties for different systems used. 
The total monthly labor requirement for any particular production 
technique per acre of crop is the sum of the labor hours for dry land 
produc tion and labor hours for irrigation for a particular month. 
The monthly labor coefficient of a particular activity or crop r otation 
is the sum across the monthly labor requirements of t hose crop rota-
tions using that technique. This can be illustrated as f ollows: 
L(X, Y).j = L(X) .. + L(IRX)ij + L(Y)i . + L(IRY) . . 
1 1J J 1] 
where L(X, Y)ij = hours of labor required f or crop rotation 
X- Y using technique j of production for 
month i 
hours of labor required for dry land produc-
tion of crop X in month i using technique j 
L(IRX) .. =hours of labor required for irrigation of crop X 
1J 
in month i using irrigation system of technique j 
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Table 29 . Monthly labor hour requirements for different crop productions 
Corn So~beans 
Fall Spring Till Fall Spring 
Month plow plow plant plow plow Oats Alfalfa 
January .026 . 026 . 026 . 022 . 022 
February .Oll .011 .Oll 
March . 048 . 048 . 048 . 064 .064 . 466 
April .032 . 395 .395 .348 . 263 
May .653 . 595 .453 . 657 .657 .28 
June . 365 .365 . 73 .260 . 260 .018 1.59 
July . 302 . 208 . 208 1.138 1.138 2 . 258 1.59 
August . 087 .087 .087 . 180 .180 .903 1.59 
September . 246 . 246 .246 .189 .189 .048 . 28 
October • 772 . 772 1 .096 . 645 .645 .016 
November 1.563 1. 253 1.49 . 494 .184 .002 
December . 122 . 122 .122 . 014 .014 
Table 30. Labor requirements for irrigation activities 
Level of water applied Labor hour required 
(inches) (hours) 
Gated Traveling Center Gated Traveling Center 
pipe gun pivot pipe gun pivot 
Date . 17 hr . finch .16 hr.finch .036 hr . finch 
Corn 
June 1-30 2.05 2.06 1.86 . 35 . 33 . 07 
July 1-30 6 . 00 6.00 6.00 1.02 . 96 .216 
Aug. 1-30 3.95 3.93 3. 58 . 67 . 63 . 13 
Totals 12.00 12 . 00 11.44 2 .04 1. 92 . 416 
CX> 
\0 
So beaus 
July 1-30 6. 00 6 . 00 5.29 1.02 . 96 .19 
Aug. 1-30 4.91 4.59 4.05 . 83 . 79 .15 
Sept. 1-30 1.17 1.08 . 96 . 20 .17 . 03 
Totals 12.00 11.68 10.3 2 . 05 1.92 . 37 
L(Y) . . 
1J 
90 
hours of labor required for dry land production 
of crop Y in month i using technique j 
L(IRY) . . =hours of labor required for irri gation of 
1J 
crop Y in month i us ing irrigation system of 
t e chnique j, 
Example: Activity corn-corn-soybeans, fall plow, traveling gun for 
July. 
L(corn- corn-soybeans) = L(corn, fall plow, July) + L(irrigation 
of corn in July) + L(corn, fall plow, July) 
+ L(irrigation of corn in July) 
+ L(soybeans, fall plow, July) 
+ L(irrigation of soybeans in July) 
.302 + .96 + .302 + . 96 + 1.138 + .96 
L(corn- corn-soybeans, fall plow, traveling gun) = 4.622 hours in 
July. 
Machinery user costs and investment tax credit In order to 
compare the profit and cost of different production possibilities 
accura tely, the model assumes all machinery costs are variable , similar 
to other operating costs of production. 
All machines used in crop production are charged their user 
cos t s per acre per year. The Budget Gener a t or 1979 (6) r ecords items 
of machines for different crop productions us ing different tillage 
practices, the ir purchase prices, their life times, and units of hours 
use per acre per year for each type of production. This information 
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enable s the calculation of per acre user cos t s for each machine in 
any particular production process of a particular crop by using 
straight line depreciation . There are other techniques to estimate 
depreciation which allow different percentage deductions per year; 
e.g ., sinking fund, capital recovery, and double declining balance . 
These techniques allow a higher propor t ion of depreciation in early 
years, thus the purchase date information is needed . The straight 
line depreciation technique was chosen in order to avoid these diffi-
culties in assuming purchase dates of different machines. The straight 
line deprec iation technique generalizes the model; however, it tends 
to underes timate the machine user cost , especi a lly during hi~h 
inflation periods . The formula used i n the model is as f ollows : 
User cost of machine X 
number of hours used 
purchase price ($) x _i_n __ p_r_o_d_u_c_t_i_·o_n~_p_e_r~a_c_r~e 
lifetime (years) number of hours used 
per year 
Example : Tractor user cost i n fall-plow dry-land corn production is 
calculated as follows: 
Tractor unit , 105 HP, width= 105 feet, speed--4.S mph : 
Purchase price- -$23,940 
Lifetime = 10 . 0 years 
Number of hours used per year = 500 hours. 
According to the Budget Genera tor 1979 (6), this particula r t echniq ue 
of corn production uses 1 . 196 hour s of tractor units per acre per 
year. 
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Therefore, the year l y user cost of a 105 HP trac t or i s appr oximat ed by 
23940 1.196 straight line depreciation=~~- x 
500 
dollars per acre per year. 
10.0 
These user costs p er acre per year are accepted as t he bas e to 
calcul ate investment tax credit, Tax credit is allowed for investment 
on properties which depreciate over their lifetime , These invest-
ments are for production. The qualified properties for investment 
tax credit must have lifetimes of at least three years. The value 
of tax credit is ten percent of the qualified investment amount. For 
property with a useful life of l ess than seven years, but not l e s s than 
three, the qualified investment is one-third of the property's value. 
For property with a useful lif e of less than seven years, but more than 
five years, the qualified investment is two-thirds of the property's 
value and the full investment is eligible for the credit if the property 
has a useful life of at least seven years . Usually the tax credit is 
allowed in the year of which the investment on any particular property 
is ma de. In this model, the tax credits of all machines are averaged 
out over their lifetime. Therefore, no specific assumption about the 
purchase date of each machine is needed , This i s because the model 
wants to detect the real user cost of each machine in the operation 
so that different investment schemes for different techniques of 
production can compete with each other on a one-year basis. This 
model generalizes the investment schedule over time by using the 
expected value of investment tax credit for each machine per year, 
All the investment tax credits of machines used in the chosen activities 
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are added back to the net income after taxes as additional income . This 
is the last part in the objective function as discussed previously. The 
following examples illustrate the investment tax credit per year per 
acre calculation: 
Average tax credit = purchase price x (q) x (lO percent) life year 
where q proportion of machinery price qualified for tax credit 
= 1, if machine life is at least seven years 
2/3 , if machine life is at least five years but less 
than seven years 
= 1/3 , if machine life is at least three years but less 
than five years. 
Example : Tractor unit, lOSHP, speed= 4,5 mph: 
Purchase price is $23,940 and life year is ten years. 
Average tax credit = 23i~4o x 1 x .10 = 239.4 dollars per year. 
Production costs Production costs of each crop rotation 
activity are the summation of yearly production costs of each crop in 
a particular rotation using a particular production technique. These 
costs include variable costs for energy, chemicals, fertilizer, seed, 
and irrigation, as well as machine user costs of all machinery included 
in the particular ac t ivity . However, the labor cost is not included 
as the farin owner does all the work and, in case additional hired 
labor is needed, the hired labor cost would be charged as 
a separate activity. The calculation is as follows: 
C(X-Y-Z) i 
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C(X). + C(Y) . + C(Z). 
1. 1. l. 
C(DX)i + C(IRX)i + C(DY)i + C(IRY)i + C(DZ)i + C(IRZ)i 
wher e C(X-Y-Z)
1 
= total production costs of rotat i on X, Y, Z per 
year. 
C(X)i, C(Y)i, C(Z)i = total production costs per year of crop X, 
crop Y and crop Z, r espectively. 
C(DX)i, C(DY)i, C(DZ)i = total dry land production costs per 
year of crop X, crop Y and crop Z, 
respectively. 
C(IRX) i , C(IRY)i, C(IRZ) i = total irrigation costs per year of 
crop X, crop Y and crop Z, respectively . 
Example: Crop rotation corn-corn-soybeans us ing fall plow and gated 
pipe i r rigation system. 
Total production cost per year = C(dry l and corn production, fall 
plow) + C(gated pipe irrigation cost for corn) + C(dry land 
corn production, fall plow) + C(gated pipe irrigation costs 
for corn) + C(dry land soybean production, fall plow) 
+ C(gated pipe irrigation costs for soybeans) 
= 126.06 + 34.82 + 126.06 + 34 . 82 + 73.21 + 34.82 
429.79 dollars per year for the production of 3-acre units. 
Sa le prices There are four crop selling activities for corn, 
soybeans, oats, and alfalfa hay (dry) . The prices l isted below ar e 
f r om t he U.S . Departmen t of Agri culture (60) as follows : 
Corn 
Soybeans 
Oats 
Hay 
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$2 . 40 per bushel 
$6 . 18 per bushel 
$1 . 37 per bushel 
$5 . 62 per ton . 
Some other price alternatives will be used for each crop in the 
sens itivity analysis later . 
Livestock production 
The model considers the beef pr oduction and hog pr oduction activi -
ties . For alternatives fo r beef producti on a re considered: 
1) The heife r fed , choice calves operation in this model has an 
activi ty unit of one head. Choice calves are fed from the weight 
of 400 pounds to 910 pounds and sold as heifers t o the market. 
The long f ed calf operation takes about 47 weeks . The feed 
r a tion of hay and s helled corn is assumed to be one per cent 
of the body weight. Total corn fed is 43 bushels a nd hay fed 
is 1 . 7 t ons. 
2) The steer fed operation has an activity unit of one head. 
Choice calves are fed from the weight of 450 pounds t o 1100 
pounds be for e sold to the market as steer. This long fed 
calves operation takes 47 weeks on t he average and uses 50 
bus hels of corn and 2 .1 tons of hay for feed . The feed ration of 
hay and shelled corn is one percent of the body weight. 
3) The heifer fed operation has an activity unit of one head. Year-
lings are f ed from the weight of 550 pounds t o 910 pounds . This 
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long fed yearling operation takes 36 weeks and uses 100 bushels 
of corn a nd 1 . 2 tons of hay for feed using a ration of hay and 
shelled corn of two percent of the body weight. 
4) The s teer fed operation, using an activity unit of one head , 
feeds a yearling from 650 pounds to 1100 pounds and sells 
it as a steer t o the market . This long fed year l ing program 
takes about 36 weeks on the average and us es 120 bushels of corn 
and one ton of hay. The feed program of this operation uses a 
ration of hay and shelled corn of two pe r cent of the body weight. 
Four alternatives for hog production used in the model are as 
follows : 
1) The feeder pig oper ation (0-40 lb ) assumes a uni t of two 
litters per year. The average number of pigs per litter 
is 7 . 5 . Assume the two farrowing periods are March 1-28 and 
Sep t ember 1- 28 (41) . The operation of a two-litter system 
uses 36 . 8 bushels of corn per year . 
2) The f ar r ow-to- f inish (two lit ter ) system has a unit of two 
litters per year with an average of 7 . 5 pigs pe r litter. 
As sume the farrowing periods a r e March 1-28 and September 1-28 
(41) . The total feed for this operation is 204 bushels of 
corn per year . 
3) The farrow- to- finish (multiple) syst em has a unit of two 
litters per year with an average of 7 . 5 pi gs per litter . The 
fa rrowing periods a r e in Februar y , August (group A) , and J une , 
December (gr oup B) . The t o t a l feed is 204 bushels of corn per year . 
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4) The finishing feeder pigs operation, using a ten-head unit, is 
assumed t o take place all year round. The total feed require-
ment is 101 bushels of corn f or the ten-head unit per year. 
Total livestock production costs The "Budget Generator 1979" 
program (6 ) provides i nformation on production costs, corn- hay 
requirements, and machinery r equirements for all eight l ives t ock 
oper a t ions in the model . Table 31 shows the production costs used in 
the model which exclude labor costs, corn feed costs and hay feed 
costs . The production costs per year are operating costs and machine 
user cos t s . Machine user costs are calculated using the same method 
as in the crop production section. Investment tax c redit for qualified 
investments is also spread out in terms of average investment tax 
credit pe r year per unit of operation and added back into the objective 
function as fo r crop production ac tivities . 
Corn feed and hay feed costs are not included in the production 
costs because t he model allows crops to be transferred from crop 
production activities for use i n livestock production activities if 
such crop production activities were chosen by the model. Additional 
feed gr a in and hay can also be purchased without limit at the market 
price. 
Livestock labor r equirements The farmer utilizes his own labor 
hours and chooses to use them in the most productive ac t i vities first. 
This means the cons trained labor hours a r e competed for by all activities 
i ncluding crop production and livestock production activities. 
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Table 31. Livestock production cost, corn consumption, hay consump-
tion per year (6) 
Total production 
cos ts Corn feed Hay feed 
($) {bu) (tons) 
Hiefer, choice calves 
(1 head) 402 .83 43 1. 7 
Steer , choice calves 
(1 head) 469.38 50 2.1 
Heifer, choice yearling 
(1 head) 565 . 81 100 1. 2 
Steer, choice yearl ing 
(1 head) 458 .16 120 1.0 
Feeder pigs 
(2 litters) 369 . 82 36.8 
Farrow-to-finish 
(2 litter system) 
(2 litters) 737 . 31 204 
Farrow-to-finish 
(multiple litter system) 
(2 litter s) 737.31 204 
Finishing feeder pigs 
(10 heads) 560.21 101 
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However, additional labor can be hired as needed, if it is profitable, 
at the rate of $4 . 50 per hour. Table 32 presents average monthly 
labor hour requirements for all livestock activities (34). 
Sale prices Both beef and pork are sold at a 100- pound 
unit weight (cwt). Table 33 shows the selling price in dollars per 
cwt for each activity for the year 1979 (60). 
Table 32. Monthly labor requirements (hours) for livestock activities (34) 
Farrow to 
Farrow to finished 
Heifer Steer Heifer Steer finished (multiple Finishing 
choice choice choice choice Feeder (2 litter litter f eeder 
calves calves year l ing yearling pigs system system) pigs 
(1 head) (1 head) (1 head) (1 head) (2 litters) (2 litters) (2 litters) (10 head) 
(hours) (hours) (hours) (hours) (hours) (hours) (hours) (hours) 
Jan . . 387 .418 .404 . 404 1.6 2.4 1.8 .7 
Feb. .307 .376 . 363 .363 1. 3 3.2 2.4 .6 
March .349 .426 .431 .431 1.2 3.5 2.0 .7 
April . 340 .388 .399 .399 .8 2.2 1.6 . 7 
May . 356 . 383 .424 .424 . 8 2.2 1.8 . 7 
I-' 
0 
J une . 333 . 356 .394 .394 1.0 2.2 1.9 . 7 
0 
July .173 . 348 .385 .385 1.2 2 . 3 1.8 . 7 
Aug. .067 .383 .424 .424 .9 2.0 1.6 '7 
Sept. .074 .234 .440 .440 .9 2.7 2 . 2 . 7 
Oct . .229 . 228 .375 .375 .6 2 . 1 1. 9 .8 
Nov. .349 .360 .384 .384 . 7 1.9 1.5 .6 
Dec . .405 . 418 .404 .404 1.0 1.8 1.8 .7 
Totals 3.369 4.318 4.827 4.827 12.0 28.5 22.3 8 .3 
101 
Table 33 . Sale prices of livestock activities (60) 
Activity cwt unit transfer 
Heifer, choice calves 
(400- 910 lb) (1 head) 9.1 
Heifer, choice yearlings 
(550-910 lb) (1 head) 9.1 
Steer, choice calves 
(450-1100 lb) (1 head) 11.0 
Steer, choice yearlings 
(650-1100 lb) (1 head) 11.0 
Feeder pigs 
(0-40 lb) (2 litters) 6.0 
Farrow-to-finish 
(0-200 lb) (2 litters) 30.0 
Finishing feeder pigs 
(40-200 lb) (10 head) 20 . 0 
Sale price 
($/cwt) 
69.8 
69 . 8 
69 . 8 
69.8 
41.8 
41.8 
41.8 
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CHAPTER 6 . RESULTS AND DISCUSSION 
The model considers the feasibility of ground water irrigation 
in Lyon County. Ther e are two sources of ground water in this 
area, the Alluvial Aquifer and the Dakota Sandstone Aquifer . 
The Alluvial Aquifer is a more attractive source because it lies 
closer to the surface and therefore requires l ower pumping costs. 
The average well depth for withdrawing water from the Alluvial 
Aquifer is 100 feet. However, only the river valley bottom land, 
e . g., area around the Big Sioux River, the Rock River and other 
large rivers, has access to the Alluvial Aquifer . Other areas 
may be irr igated from the Dakota Sandstone Aquifer but at a higher 
cost. Stu Melvin, I . S .U. agricultura l engineer, estimated the 
average well depth for withdrawing ground water from the Dakota 
1 Sandstone Aquifer to be 350 feet. The first part of this study 
reports the results of economic feasibility of irrigat ion from 
the Alluvial Aquifer. It also considers the a ffects of changes in 
fuel price, interest rate, and crop selling price, The second 
part reports the economic feasibility of irrigation from the Dakota 
Sandstone Aquifer in the same manner. 
1 
From a personal interview, Iowa State University, Ames, Iowa, 
September, 1980 , 
Basic solution 
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Economic Feasibility Study of Irrigation 
From the Alluvial Aquifer 
For the well depth of 100 feet, the linear programming model 
gives an optimum solution having a net profit of $38,839 . The net 
income from product i on is $35,676 and $15,224 of income t ax i s pa i d . 
Table 34 shows some importan t activity levels from the solution. 
The model chooses to use all 320 acres for the com-corn-
soybean-fall plow- center pivot activity (CCSBFPC) at t he cost of 
$499 per unit (3 acres) plus the irrigation fuel cost of $87 giving 
the total production cost of $586 per unit (3 acres). This activity 
is quite sensitive to a produc tion increase because it will leave 
the basis if the produc tion cost incr eases by $4.10 and t he com-corn-
soybean-spring plow-center pivot activity (CCSBSPC) en t ers the 
basis instead . This activity is already at its upper limit; i .e . , it 
uses up all the land, and even if the cost decr eases by $8.87 to 
$489 . 69 per unit, the same acreage will still be used for this 
activity . All corn production, 32,640 bu, is used for feeding 653 
s teers in the steer- choice calves activity (STCLV). The STCLV 
activity i s sensitive to decreasing production costs . Reduc tion of 
costs by$ 2 . 10 to the cost of $467.27 per head will increase the 
solut i on l evel to 714 head and some corn will be bought for feed, 
However, increasing production costs by $2 . 63 to $472 does not r educe 
the number of steers being raised, There are 7181 cwt of beef 
being s old at $69.80 per cwt . The beef selling activity (SELBEEF) is 
Table 34 . Activity levels in the basic solution fo r net profit maximiza-
tion irrigation project from the Alluvial Aquifer 
Input 
cost 
Activities in per unit Lower 
the solution Unit Activity ($/unit) activity 
Net profit $ 38,839 
Net income after tax $ 35,675 
Investment tax credit $ 3,163 
Borrowed capital $ 432,439 .06 452,439 
Crop activity unit CCSBFPC 106.67 498.56 0 
acres 320 
Livestock activity head STCLV 653 469.38 653 
Selling beef activity SELBEEF 7,181 69 . 80 7,181 
Livestock water consumption gal 1,953,830 
Fuel transferred gal 10,051 .92 3,840 
Corn production bu 32,640 
Selling soybeans bu 4,734 6 .18 3,697 
Upper 
unit cost 
(lower 
unit price) 
. 065 
503 . 14 
472. 31 
(69.53) 
1.09 
(6.03) 
Activity 
enters 
at upper 
unit cost 
CSBFPG 
CCSBSPC 
CSBFPG 
CSBFPG 
XCGATPI 
CFPC 
Upper 
activity 
497,437 
106.67 
714 
7,858 
12,614 
4,734 
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Lower 
unit cost 
(upper 
unit price 
. 057 
489.69 
467 . 27 
(69.99) 
-.13 
(6.36) 
Activity 
enters 
at lower 
unit cost 
BUYCORN 
CTPT 
BUYCORN 
BUY CORN 
XCTRLGUN 
CSBFPG 
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also sensitive to price incr eases . Increasing the price by 19 cents 
to $69.99 per cwt will increase sales 7,858 cwt and bring the buying 
corn activity into the basis. 
Crop production activities which are not in the basis but which are 
competi tive with ones in the basis and can be forced into the basis 
with relatively low penalty costs are the corn-fall plow-center pivot 
activity (CFPC) and the corn-corn-soybean-spring plow-center pivot 
activity (CCSBSPC). These penalty costs are $2.11 and $4,52 per 
unit, respectively. Reduction of production costs equal to their 
penalty costs will bring these activities into the basis, The highes t 
penalty costs for production of the oat-hay-corn activities are at 
least $200 per unit. 
The amount of borrowed capital is $452,439 which is paid back 
within the production period at an interest rate of 12 percent per 
year . The center pivot irrigation system has an average cost of 
$15,804 per year for this 320-acre farm and gives back $1,580,40 
per year f or the investment tax credit, 
The model is constrained with 320 acres of land with a shadow 
price of $71.36 per acre over the range of 278 to 340 acres, This 
means that on one hand the net profit would be reduced by $71,06 for 
each acre removed from the model down to 278 acres, On the other 
hand , if more land is available, each additional acre of land would 
increase the net profit value by $71,36 up to 340 acres, Further 
increases or decreases from this range would give land a d:t;t;f erent 
shadow price. 
107 
This operation has used all owned labor hours every month 
except in September where there are 14.4 hours left, There are 
also hired labor hours every month except September with November 
hiring the highest number of labor hours at 374.14 hours . The cost 
of hiring labor is $4.50 per hour, 
The production of 4,734 bu,of soybeans is sold at the price of 
$6 . 18 per bu. The production is sensitive to the selling price 
because only a 14 cent reduction of price will shift more land to 
corn production since the corn-fall plow-center pivot activity (CFPC) 
enters the basis. If the soybean price increases by only 18 cents, 
more land will be used for soybean production through the new activity 
corn-soybean-fall plow-gated pipe (CSBFPG). 
Fuel transferred for irrigation activity (FUELTRAN) is sensitive 
to its price, having the price range of $1,09-$0 per gallon , The 
cost penalt y is $.17 per gallon for each gallon reduced from the 
optimum level (10,051 gallons), At the higher price, the investment 
tax credit for gated pipe irrigation systems enters the basis. 
The model changes production methods to use more of the gated pipe 
system as it uses relatively less fuel than the other two systems . 
There is a cost penalty of $1.06 per gallon for increasing the fuel 
consumption up to 12,614 gallons, If more than 12,614 gal:lons are 
used, investment tax credit for traveling gun irrigation systems enters 
the basis. Cheaper fuel prices allow a lower initial cost 
irrigation system like traveling gun to enter even if it consumes 
more gallons of fuel than center pivot systems, 
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Borrowed capital is very sensitive to the interest rate level . 
An increase in the interest r a te from 12 percent per year to 12 . 8 
percent per year allows the same amount of $452,439 still to be 
borrowed, but the farmer has to pay penalty costs of $.004 per each 
dollar borrowed . When the interest rate goes down to 11.4 percent , 
$497,438 will be borrowed and the profit level is reduced by $.003 
per dollar borrowed. This is a sensitive activity since the range 
of price for borrowing money is only $ . 008 before new activities 
enter the basis . At the lower price , the corn-soybean-fall plow-gated 
pipe activity enters the basis and at the higher price the model 
buys more corn. 
The results from r ange analysis specify the factors , costs, and 
prices which have high influence on the solution , In order to 
capture more information about the sensitivity of the model, 
parametric programming is used. Interest rates and fuel prices are 
changed one at a time holding everything else constant to study their 
impact upon the solution. 
Interest rate parameterization 
Six different interest rates, in addition to the basic rate, are 
used for parametric analysis . These are annual interest rates of 
10%, 14%, 16%, 18%, 20% and 22%, Table 35 shows different activity 
levels when interest rates are changed, 
Increasing the interest rate to 14 percent per year reduces 
net profit to $36,532. The amount of borrowed capital stays the 
Table 35. Summary of 
vities and 
Interest 
Land shadow price 
CCSBFPC 
CS BS PG 
STCLV 
SELSB 
SELCORN 
BUY CORN 
Net prof it 
(objective f unction) 
Borrowed capital 
Owned labor 
Hired labor 
interest rate effects on level of acti-
constraints 
Unit 10% 
$/acre 
acres 320 
acres 
head 62,431 
bu 4,734 
bu 
bu 3,088,915 
$ 98,321 
$ 45,676,589 
fully used 
every month 
every month 
12% 
71.36 
320 
652 
4,734 
38,839 
452,439 
used all, 
except Sept. 
every month 
except Sept . 
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14% 16% 18% 20% 22% 
63.37 
320 320 320 85 35 
235 285 
652 535 386 
4,734 4,734 4,734 6,262 6,584 
4 , 876 13,318 24,049 22,237 
36,531 34,233 32,159 31,293 31,008 
452,439 381,256 292,293 51,624 49,332 
used all, used all, used all, only July, only July, 
except Sept. except except Aug. and Aug., Nov. 
Feb., Apr., Jan.-Apr. Nov. are are fully 
Sept. and Sept. fully used used 
every month every month every month only in only in 
except Sept. except Jan., except July and July and 
Feb., Apr. Jan.-Apr. Nov. Aug. 
and Sept. and Aug., 
Sept. 
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same at $452,439. The model still chooses the CCSBFPC and STCLV 
activities at the same level. 
The range analysis shows a smaller range for land acres from 
315 to 340 acres which have a constant shadow price of $63.97 per 
acre. This land shadow price is $7.66 lower than the basic solution 
due to the higher cost of money for production. 
The borr owed capital activity (BRRWCP) is sensitive with the 
cost range of 14.4- 13.8 percent per dollar per year, Forcing the 
activity away from the optimum solution has a penalty cost of .19 cent 
per each dollar down to $395,225 and .04 cent per each dollar up 
to $452,439. If the cost of borrowing money is higher than 14.4 
per cent, the selling corn activity enters, There is a tendency 
that increases in the interest rate will reduce the livestock activity 
levels because it requires high capital investment , The excess corn 
production is therefore sold instead of used for feed. On the other 
hand, reduction of the interest rate to 13 . 8 percent will bring the 
corn-cor n-soybean- fall plow-gat ed pipe activity into the basis. 
The amount of fuel transferred activity (FUELTRAN) is the same 
as in the basic solution of 10,051 gallons. The penalty cost is a 
little lower, 11 cents per gallon from 10,051 to 7,555 gallons 
and 1.03 cents from 10,051 to 10,342 gallons, 
Other activities which are not in the basis but have relatively 
low penalty costs if forced into the basis are the CSBFPC ($5 . 98 
per unit) and the CSBSPD ($8,30 per unit) , 
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The increase of interest rate by two percent to 14 percent per 
year does not cause any drastic change of activity levels apart from 
some changes in shadow prices and penalty costs. The model still 
chooses the crop production using irrigation (the center pivot 
system), the steer-choice calves production and no selling or buying 
corn activity. 
A further increase in the interest rate to 16 percent per year 
reduces total net profit even more to $34,232 and lowers the amount 
of capi tal borrowed to $381,255 . The net income from the operation 
is $31,244 and the investment tax credit increases to $2,989. All 
land is still used for theCCSBFPC a ctivi t y. Fewer cows a re raised under 
the STCLV activity, now at the level of 353 head and 5,888 cwt of 
beef sold. New activities enter as some corn, 5,877 bu, i s sold 
under the SELCORN activity. The new solution hires fewer hours of 
labor every month. Now no labor is hired at all in the months of 
January, February and September. 
In the range analysis, the CFPC activity still has the lowest 
income penalty but at the higher level of $6. 57 per acre over the 
range of 0-320 acres. If the cost of production is lower than $177.52 
per acre, then 320 acres will be used for this activity. 
The FUELTRAN activity remains sensitive with a lower penalty 
cost of four cents per gallon if the activity level deviates from 
the solution down to 9,558 gallons (bigger lower range than the 
original solution) and $1.33 per gallon if more gallons are used. 
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However, even if the price goes down to $0,no more fuel will be 
transferred. The activity remains at 10,051 gallons . 
The CCSBFPC activity has a lower penalty cost of $1 . 76 per unit 
(3 acres) for each unit reduced from the solution down to 98.29 
units (295 acres) . The higher penalty cost is $9.66 per unit (3 
acres) for each unit added to the solution up to 320 acres which is 
all the land available. The selling beef activity is more sensi-
tive to price over the smaller range of 5,513 cwt to 5,899 cwt. 
The penalty costs have dropped from 27 cents per cwt to nine cents 
per cwt and from 19 cents per cwt to one cent per cwt , Also, note 
that a smaller change of the price will change the activity level 
and bring in new activities . If the price is lower than $69.71 
per cwt, 5,513 cwt will be sold and if the price is higher than $69 . 81 
per cwt, 5,899 cwt will be sold . Also, labor is hired in January, The 
s t eer- choice calves activity is also more sensitive in the same way as 
the SELBEEF activity . The objective value is reduced by 95 cents 
per head raised down to 501 head and reduced by 19 cents per head 
of additional cows raised up to 536 head, If the production cost 
is higher than $470 per head, 501 head will be raised and use all 
owned labor in January . If the cost is lower than $469 per head, 
536 bead will be raised and the model hires some labor hours in 
January . 
The borr~wed capital activity is much more sensitive to the 
interest r a te increases than the original solution as an even smaller 
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amount is now borrowed ($381,256). If the price of borrowing 
capital rises higher than 16.32 percent per year, $360,763 will be 
borrowed ($20,000 less than the original solution) . If the price 
of borrowing capital is reduced lower than 15.9 percent per year, 
$381,887 will be borrowed. 
At the 18 percent interest rate, the model still chooses to 
produce CCSBFPC using all land but STCLV at only 386 head . Some 
corn is sold similar to when the interest rate is 16 percent, but 
this time more is sold, 13,318 bu, since less is needed for feed, 
The net profit drops to $32,159 and less is borrow, $292,293, as 
expected as the price of money increases. 
Fewer months use of all owned labor (May, June, July, August, 
October and November) . Corn-fall plow-center pivot (CFPC) remains 
sensitive with the penalty cost of $6.59 per acre if CFPC is forced 
into the solution over the range of 0 to 320 acres . If the cost 
of production is lower than $177.50 per acre, all land will be used 
for CFPC . CSBFPC is also more sensi t ive to production costs with a 
lower penalty cost of $5.22 per acre over the range of 0 to 160 units 
(0 to 320 acres). If the cost of production falls a bit further 
than $5.22 per unit; i.e. lower than $309.25 per unit, this activity 
will enter and uses all the land and CCSBFPC leaves the basis . 
Corn-soybean-fall plow- dry land (CSBFPD) becomes sensitive in this 
model with the penalty cost reducing the net profit by $2 . 70 per unit 
of the activity (2 acres) forced into the basis, 
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All of these activities which were in the previous basis at 
the 16 per cent int erest rate remain in this solution . However, their 
degree of price sensitivity increases due to a smaller penalty cost 
per unit over a bigger range of activity units. This means that 
only small changes in price or cost will change activity levels 
considerably . I f the corn price increases more than .7 cent per 
bu (i.e ., to higher than $2.407 per bu), 14,965 bu instead of 13 , 318 
bu will be sold. Investment tax credit fo r the gated pipe irrigation 
system activity enters which implies some changes in the irrigation 
system used. The penalty cost is . 2 cent per bu if less corn is 
sold down to 7,707 bu. If the price decreases down to more than 
$2 . 397 per bu, much less corn will be sold (i.e., 7,707 bu). The 
SELBEEF and STCLV activities are more sensitive. If the beef price 
is two cents per cwt lower (i.e . , down to $69 . 78), 653 cwt less than 
the solution will be sold . Instead of 386 head of the STCLV activity , 
the number drops to 372 head if the cost increases 20 cents per 
head from $469,37 to $469.59 with the gated pipe irrigation system 
entering the basis , If the cost falls more than .9 cent per head 
(i . e . $469.28 per head), nearly a hundred more cows will be raised 
and the model starts to hire labor in August, 
Borrowed capital (BRRWCAP) is now $292,293 and more price 
sensitive . Net pr ofit is reduced by .03 cent per dollar down to the 
lower limit of $255,245 . If the interest rate increases to more than 
18.06 percent per year, $37,048 less will be borrowed and the gated 
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pi pe irrigation system would enter the basis. However, if the loan 
pr ice drops lower than 17.96 percent per year, $359,279 will be 
borrowed . 
The major change at the interest r ate of 20 percent per year 
is tha t the cattle raising ac tivity (STCLV) l eaves the basis. At 
this inter est rate, no more livestock activi ties are in the basis. 
Less money is borrowed, $51,624, and, as expected , t he gated pipe 
irrigation sys t em enters the basis through the com- soybean- spring 
plow-gated pipe activity (CSBSPG) at 117.68 units (253 acres); 
28 units (84 acres) are still used in the CCSBFPC activity . More land 
is devoted to growing soybeans and mor e soybeans are sold. More corn , 
24,049 bu, is now sold at $2.40 per bu. Only owned labor of months 
Jul y, August and November are f ully used and have the shadow price 
of $2.82 per hour. 
The range analysis shows that the corn-soybean-spring plow-
dry land activity (CSBSPD) is very sensitive with the penalty cost 
of 99 cents per unit (2 acres) over the range of 0 to 20 , 81 units 
(42 acres). If the cos t of production of this activity is lower 
than $197 . 80 per unit (2 acres) instead of $198.79 per unit, 20.81 
units (42 acres) will be used. The corn-soybean-fal l plow-gated pipe 
activity (CSBFPG) has a higher penalty cost of $1 .01 per unit (2 acres) 
but has a larger range of 0 to 177.68 units (235 acres) . Each unit 
of land put into this activity causes a reduction in net profit of 
$1.01 up to 117. 68 units when the penalty cost changes. 
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The BUYCORN activity remains as sensitive as in the 18 percent 
interest case. The BUYHAY activity which now is not in the basis 
becomes a sensitive activity. The penalty cost is 20 cents per ton 
over the range of 0 to 12,657 tons. If the price of hay is lower 
than $2.30 per ton, 12,657 tons will be bought. This also implies 
that a t this lower price, some livestock activities must enter the 
basis also. 
There are no obvious changes in the range analysis results 
of these activities in the basis from the previous case (18 percent 
per year). All sensitive activities remain that way and are now 
subject to slightly higher penalty costs per unit, STCLV has a 
penalty cost of 72 .5 cents per head of activity forced into the basis 
up to 107 head . If the cost of this activity is lower than $468 . 65 
per head instead of $469. 38 per head, 107 cows will be raised as 
steers . 
Borrowed capital is still a very sensitive activity with the 
objective value reduced to .2 cent per dollar removed from the 
solution ($51,624) down to $49,331. The objective value will be 
reduced by .12 cent per dollar added to the solution until $117 , 961 
is borrowed. If the interest rate drops to less than 19.76 percent, 
then $117,961 will be borrowed and the livestock activity enters 
the basis again as indicated through the BUYHAY activity . 
At the high interest rate of 22 percent per year, more land 
(142.5 units or 285 acres) is used in the CSBSPG and less in the 
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CCSBFPC ac t ivit y . No livestock activity enters the ba sis. All corn 
and soybeans are sold. 
The range analysis gives very similar results when compared 
wi th the 20 percent case . The borrowed capital activi t y has the 
penal t y cost of .1 cent per dollar borrowed until $47,135 is borrowed 
and t he penalty of . 3 cent per dollar loaned until $51 ,624 is borrowed. 
At the interest rate higher than 22.34 percent, $47,135 will be 
borrowed which is only $2,000 less than before and the corn-soybean-
spring plow-dry land ac tivi t y (CSBSPD) enter s the basis. If the 
in t erest r ate falls lower than 21.24 percent per year, $51,624 will 
be borrowed. 
The last interest rate tried is 10 percent per year which is 
very low and has limited chances of occurring. The very low i nterest 
r a t e incr eases the net profit remarkably to $98,321 and borrows up 
t o $45 .676 million. The model still chooses t o use all land, 
320 acr es , in CCSBFPC and r aises the STCLV activity . However, 
t he number of cows raised increases from 653 to 62,431 head. The 
BUYCORN activity enters at the level of 3 ,088 ,915 bu and the BUY-
HAY at 131,105 tons . Obviously, many toore machine hours a r e used 
for livestock. All owned labor hours are util ized and many more 
hours are hired ranging from 14,202 hours in October to 26 ,383 hours 
i n March. 
This 10 percent per year interest charge on borrowed capital 
is not very r ealistic and thus unrealistic results are produced, The 
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normal interest rate charged on capital is higher than this , The 
reason the model borrows so much money is to produce as many steers 
as possible to earn prof i t from selling beef and get investment 
tax credit. One reason the model produces these ridiculous results 
is that there is no constraint on the feed lot. However, this is 
intentional since we wanted the model to choose the level of invest-
ment as it maximized profit. 
Conclusion on effect of the interest rate The range and the 
parametric programming on the interest rate give s ome insight to 
the effect of the interest rate on activities in the basis . Table 
35 surmnarizes the important activities, constraints and their levels. 
The livestock activity (i . e. STCLV) is sensitive to changes in 
the inter est rate. At low interest rates, enormous quantities of 
money are borrowed and used in cattle raising. When the loan price 
is cheap, it is profitable to increase the level of activities which 
yield a higher rate of return than the interest rate . However, the 
crop production activity is constrained by land availability, 320 
acres; therefore, extra investment has to be made in livestock 
activities. Corn, hay and labor are bought to s upport livestock ac-
t i vities . With only a two percent reduction in interest charged 
(from 12 to 10 percent), the level of loan increases enormously, more 
than 100- fold . The center pivot irrigation system is chosen as the 
most efficient sys tem which gives high yields. 
As interest rates increase, money is more expensive, less is 
borrowed, and the livestock activities are reduced more and more in 
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response to high interest and leaves the basis when the interest 
rate reaches 20 percent. Notice that at between 12 to 14 percent, all 
the activity levels remain the same , even the amount of the loan. 
Only the net profit drops in the 14 percent interest rate case as 
more interest needs to be paid . 
Corn-corn-soybean-fall plow-center pivot uses all land (320 
acres) until the interest rate reaches 20 percent where 235 acres 
of land are used for the corn-soybean-spring plow-gated pipe activity 
instead . The level of this activity increases even further when 
the interest rate reaches 22 percent, At high interest rates, it 
is more profitable to use lower cost irrigation systems, more land 
for soybean production, and to hire less labor hours. Also more 
owned labor is lef t over. 
The loan level falls drastically when the interest rate reaches 
20 percent. The loan when the interest rate is 20 percent is only 
17 percent of the loan at the interest rate of 18 percent. This 
means that the level of borrowed capital becomes very sensitive 
when the interest rate is higher than 18 percent per year . However, 
it is very interesting to see that the net profit does not fall at 
the same rate as the loan does, The net profit drops only about 
$1,000 between the interest rate of 18 percent and 20 percent and 
only changes by $200 between the interest rate of 20 percent and 
22 percent, Roughly estimating, about a $100,000 reduction in loan 
results in a profit reduction of only $2,000 when the interest rate 
moves up from 14 percent to 20 percent. 
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Fuel price parameterization 
In order t o study the effect of fuel price on the irrigation 
system, parametric programming is used on the fuel price. The s olu-
tion in the basic model chooses the center pivot system when the 
diesel fuel price is $.92 per gallon . However, the f uel price has 
incr eased f rom time to time. It is s uspected that when the f uel price 
is high, the irrigation system will leave the basis . This study 
increases the fuel price from $.92 per gallon with the increment of 
10 cents per gallon until the price r eaches $1 . 52 . 
The basic solution uses 10,051 gallons of fuel for center pivot 
i rrigation systems and this level is maintained even when the fuel 
price goes up to $1 .12 per gallon and $1 . 22 per gallon . The CCSBFPC 
activity still uses all 320 acres at $1. 22 per gallon . Most activities 
are s till in the solution at the same l evel as shown in Table 36 
when the price rises to $1.22 per gallon . However~ the profit drops 
and more money has been borrowed, The shadow price of land decreases 
by about $2 . 00 increments each time the fuel price increases 10 
cents . A reduction in the amount of land used in crop production will 
not reduce the objective value as much when the fuel price rises , 
to incr ease the production cos t s . 
At the f uel price of $1.32 per gallon, all the l and shif ts t o the 
corn-corn-soybean-fall plow-gated pipe activity (CCSBFPG) since the 
ga t ed pipe system uses les s fuel . The amount of fuel used drops 
greatly from 10,051 gallons to only 3,840 gallons . All these activity 
Table 36. Summary of fuel price effects on the level of activities 
and constraints 
Fuel price 
($/gallon) 
FUELTRAN 
Ne t prof it 
Borrowed capital 
Investment tax credit 
CCSBFPC 
CCSBFPG 
CCSBFPD 
Steer-choice calves 
Owned labor 
Hired labor 
Land's shadow price 
Owned labor's shadow 
price 
Unit 
gallons 
$ 
$ 
$ 
acres 
acres 
acres 
head 
$/acre 
$/hr 
• 92 
10,051 
38,839 
452,439 
3,163 
320 
652 
uses all hours 
available except 
in Sept. 
hires labor 
every month 
except Sept. 
71 
2.43 
1.12 
10,051 
37,752 
454,449 
3,163 
320 
652 
uses all hours 
available except 
in Sept. 
hires labor 
every month 
except Sept. 
68 
2.43 
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l. 22 1.32 1.42 1.52 
10,051 3,840 3,840 3 , 669 
37 , 209 36,931 36,724 36,516 
455,454 388,580 388,964 385,593 
3,163 2,427 2,427 2,376 
320 
320 320 306 
14 
652 563 563 558 
uses all hours uses all hours uses all hours uses all hours 
available except availabl e except available except available except 
in Sept . in Sept. in Sept . in Sept. 
hires labor hires less labor hires labor hires less 
every month except in in the same labor and none 
except Sept . June, July , way as at the is hired 
and Aug . -:-- price $1. 32 in Sept . 
no labor hired per gal 
in Sept . 
66 65 65 64 
2 . 43 2 . 43 2.43 2.43 
124 
levels remain constant even when the fuel price increases to $1.42 
per gallon . The level of steer-choice calves activity is at 563 
head using all the corn produced for feed; none is bought and none 
is sold. 
However, when the fuel price increases to $1.52 per gallon, 
14 acres of land are now used for dry land production in the corn-
corn-soybean-fall plow-dry land activity (CCSBFPD). The rest of the 
land remains in the CCSBFPG activity. If the fuel price increases 
more than this, more land is expected to move to dry land production. 
There are 3,669 gallons of fuel used. Fewer steers are raised in. 
the STCLV activity, 558 head, because there is less corn produced .. 
As the fuel price increases, the net profit decreases and the 
amount of borrowing also decreases. The investment tax credit drops 
about $50~when moving from center pivot systems to gated pipe 
systems at the f uel price of $1,22 to $1.32, 
Apart from these shifts, there is not much change from one fuel 
price to another, All owned labor hours are used at the upper limit 
except in September. Labor is hired every month except in September. 
However, more labor is hired when the model switches from the center 
pivot system to the more labor intensive gated pipe system. When 
using the gated pipe system, an extra 20,224 and 153 hours of 
labor are hired in June, July and August, respectively, 
Due to higher production costs via higher fuel prices, the 
operation is less profitable and land has a lower shadow price each 
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t i me the fuel price increases . Not using one acre of land would 
reduce t he objective value less at high fuel prices . The model 
still chooses to buy hay for cattle instead of producing it . The 
chance t hat oat-hay production will enter the basis is quite slim 
since forcing one unit (4 acres ) of such an activity will reduce 
profits by a t least $200 . 
The study carries ou t the range analysis fo r the fuel pr ice 
of $1 . 52 per gallon in order to grasp more information about the 
model . Land has the shadow price of $64.16 per acre over the r ange 
of 317-389 acres . If the land used is at the lower limit (317 acres) , 
the CCSBFPD ac tivity will leave the basis and at the higher limit 
(389 acres), the gated pipe irrigation system will leave the basis. 
The corn-soybean-fall plow-dry land activity (CSBFPD) is ver y 
sensitive to its cos t of pr oduction with the penalty cost of five 
cents per unit (2 acres) a dded into the basis up to 3.38 units (6 .76 
acres). If the cost is lower than $199.22 per unit, t hen 3.38 units 
will enter the basis and CCSBFPD will also enter. The selling corn 
ac tivity (SELCORN) is quite sensitive having a penalty cost reduces 
profit of 8.6 cents per bu over the range of 0 to 238 bu . If the 
price incr eases higher than $2 , 48 per bu, 238 bu will be sold and 
also more corn will be produced as the CCSBFPD activity enters the 
basis . 
The fuel transfer activity (FUELTRAN) has the penalty cos t - or 1 . 6 
cents per gallon removed from the solution down to 2,884 gallons and 
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. 09 cent per gallon if more fuel is used up to 3,840 gallons. If 
the price increases higher than $1.54 per gallon, 2,884 gallons will 
be used and the corn-corn- soybean- spring plow- dry land activity enters 
the basis which means that more land will be used for dry land produc-
tion. 
Conclusion on the effect of fuel price The model still uses 
the center pivot i rrigation system using CCSBFPC as long as fuel 
is not mor e than $1.22 per gallon and will shift to a fuel saving 
system, which is gated pipe, when the fuel price is higher. If the 
price reaches $1.52 per gallon, dry land production becomes more 
attractive and more dry land production will be anticipated if fuel 
prices continue increasing. Note that this study is based on the 
average year condition of yield and weather . It is possible that 
at even such high fuel prices, the irrigation will be j ustified in 
some drought years, 
Corn price parameterization 
The basic model used the average corn price in 1979 of $2.40 
per bu. There is a tendency for the price of corn to rise over 
time . This study considers the effect upon the solution of corn 
price increases from $2.50 per bu to $4.00 per bu. 
At the price of $2. 50 per bu the model maintained the same 
solution combinat ion as the original run (i.e. chooses activities 
CCSBFPC and STCLV production). All other levels of activities 
remain the same. The 10 cents per bu corn price incr ease has no 
effect upon the activity levels , 
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However, at the price of $3.00 per bu, all land is used for 
continuous corn production using the corn-fall pl ow-center pivot activity . 
All corn produced, 46,080 bu, is sold and there is a net profit of 
$44,636. The SELCORN activity has a shadow price of 13 cents per bu 
over the range of 46,080 bu to 61,640 bu and three cents per bu 
from 46,080 bu down to 41,922 bu. However, if the corn price drops 
to $2.97 per bu, some livestock activities enter into the basis, or 
if the production cost of the STCLV activity drops by $1.64 per head 
down to $467.74, then 83 head of steers would enter the basis. 
Further increases in the corn price of $3.50 and $4.00 per bu 
do not alter the activity levels, just earns a higher level of net 
profit. These activities are shown in Table 37. The shadow price 
of land increases as the corn price increases . There are excess 
owned labor hours every month, except November, due to the livestock 
activity in the basis. 
The selling price of corn has no major effect upon the solution 
when the price is lower than $3.00 per bu. However, when the corn 
price reaches $3.00 per bu or more, all land is used for continuous 
corn production using the center pivot irrigation system, All corn 
produced is sold and there is no livestock entering into the basis. 
The lowest shadow price for dry land corn production is $11.39 per 
acre for the corn-till plant-dry land activity (CTPD) . This means 
that forcing each additional acre of dry land production into the 
solution would reduce the net profit by $11.39 . This shadow price 
Table 37. Comparison of activity level at different corn prices 
Selling corn price $/bu 2.50 3.00 3.50 4.00 
Upper limit price $/bu 2.53 3.13 3.63 3.74 
Lower limit price $/bu 0 2.97 3.42 4.12 
Sell corn bu 46,080 46,080 46,080 
Buying corn price $/bu 2.60 3.10 3.60 4.10 
Buy corn bu 
Net profit $ 38,839 44,636 55,140 64,530 
Crop activities acres CCSBFPC CFPC CFPC CFPC ..... 
320 320 320 320 
N 
CX> 
Livestock activities head STCLV 
653 
Corn produced bu 32,640 46,080 46,080 46,080 
Sell soybeans bu 4,734 
Months with slacked Sept. every month every month every month 
owned labor except Nov. except Nov. except Nov. 
Hired labor hours 37 in Apr. 253 in Nov. 253 in Nov. 253 in Nov. 
374 in Nov. 
Borrowed capital $ 452,439 69,613 69,613 69,613 
Land shadow Erice 71 98 118 130 
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seems high illustrating that the irrigation from the Alluvial Aquifer 
rema ins r e latively pr ofitable to dry land production. 
Soybean price parameterization 
This parametric programming considers the effect of soybean price 
upon the levels of activities in the solution. The average soybean 
selling price used in the original run fo r 1979 is $6 . 18 per bu . 
The basic solution chooses the CCSBFPC activity and sells 4 ,7 34 bu 
of soybeans . The shadow prices of the selling soybean activity are 
18 cents per bu up to 4 , 734 bu when the corn-soybean- fall plow- gated 
pipe activity (CSBFPG) enters the basis, and 14 cents per bu down to 
3,697 bu when the com-fall plow-center pivot activity (CFPC) enters 
the basis . The basic solution indicates more soybeans will be 
produced if their price increases. 
The soybean price considered in this analysis ranges from $6.18 
to $10.00 per bu. Table 38 sl.UDIDarizes the results of the parametric 
progrannning. The increase of the soybean price up to $7.00 per bu 
does not cause any changes in the activity l evels in the solution 
apart f rom increasing the level of net profit and some shadow prices 
(e.g ., land shadow price). 
At the price of $7.50 per bu, more soybeans are produced , More 
l a nd is used for soybean production (i.e., 180 acres for the corn-soybean-
f all plow-center pivot activity and 140 acre s fo r the corn- corn-soybean 
fall plow-center pivot activity), The total amount of soybeans 
produced and sold is 6 , 067 bu. Total profit increases to $42,091. 
Table 38 . Comparison of the activities and their levels at different 
soybean prices 
Soybean sell price $/bu 6.18 6.50 7.00 
Bushels of soybeans sold bu 4,734 4, 734 4,734 
Upper unit price $/bu 6.36 6.51 7.12 
Lower unit price $/bu 6.04 6.19 6.89 
Borrowed capital $ 452,439 452,439 452,439 
Profit level $ 38,839 39,612 40,818 
Crop production 
activities acres CCSBFPC CCSBFPC CCSBFPC 
320 320 320 
Livestock activities head STCLV STCLV STCLV 
653 653 653 
Corn production bu 32,640 32,640 32,640 
Buy corn bu 
Sell corn bu 
Land shadow price $ 71 74 78 
Months with slack owned 
labor activity Sept. Sept. Sept . 
7.50 
6,067 
7.50 
7 . 45 
394,900 
42,091 
CCSBFPC 
140 
CSBFPC 
180 
STCLV 
561 
28,045 
83 
Sept . 
Apr . 
8 . 00 
7,100 
15 . 08 
7 . 86 
385,905 
43, 772 
CSBFPC 
320 
STCLV 
538 
24,480 
2,436 
86 
Sept . 
Apr . 
8.50 
7, 100 
15 . 35 
8 .13 
385,905 
45,405 
CSBFPC 
320 
STCLV 
538 
24,480 
2 , 436 
88 
Sept . 
Apr. 
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9.00 
7,100 
15.62 
8.40 
385,905 
47,038 
CSBFPC 
320 
STCLV 
538 
24,480 
2,436 
93 
Sept. 
Apr . 
9 . 50 
7 , 100 
15.89 
8,67 
385,905 
48,671 
CSBFPC 
320 
STCLV 
538 
24 ,480 
2,436 
98 
Sept. 
Apr. 
10.00 
7,100 
16.16 
8 . 94 
385 , 905 
50,304 
CSBFPC 
320 
STCLV 
538 
24 , 480 
2,436 
102 
Sept . 
Apr . 
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Fewer steers are raised, 538 head, and less money is borrowed at 
$394,900. 
The lowest penalty cost for a dry land production activity if 
forced into the basis is the corn-soybean- fall plow-dry land activity 
(CSBFPD) at the penalty cost of $12.22 per unit (2 acres) and remains 
at this penalty level over the range from 0 to 47 . 96 units (96 acres). 
If the CSBFPD production cost drops to $187 . 04 per unit (2 acres), 
47 . 96 units of the CSBFPD activity will enter the basis and the corn-
soybean-fall plow-center pivot activi t y (CSBFPC) leaves the basis . 
At soybean prices higher than $7 . 50 , from $8.00 to $10.00 per 
bu, the model shifts to the highest level of soybean production 
activity, i.e . uses all land for the corn-soybean-fall plow-center pivot 
activity (CSBFPC). I n this model , if continuous soybean production 
had been allowed, all land might be devoted to continuous soybean 
production a t t his high soybean price. The total level of soybean 
production and selling is 7,100 bu . Fewer steers are raised a t 
538 head . The model buys 2,436 bu of corn to supplement corn produc-
tion for animal feed as corn production is reduced t o 24 ,480 bu. 
Fewer owned l abor hours are utilized as there is now slack labor 
activity i n April in addition t o September. The net profit level 
has increased in response to soybean pr ice increases while the amount 
of borrowing capital stays constant a t $385,905. The CSBFPD activity 
still has t he lowest level of penalty per unit among all the dry land 
production activities if forced into t he basis at the average 
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penalty of $20 per unit (2 acres) over the range from 0 to 150 
units. 
Hog price parameterization 
The original run uses the average hog selling price for 1979 
of $41 . 80 per cwt. Even though no hog production activities enter 
t he basis, the selling hog activit y (SELHOG) is price sensitive with 
the shadow price of $.74 per cwt over the range of 0 to 1,267 cwt. 
This means that forcing each cwt of the SELHOG activity into the 
model reduces the net profit by 74 cents and if the selling price 
incr eases to $42 . 54 per cwt, then 1,267 cwt of hogs will be sold. 
This range analysis shows a potential for the hog production activity 
to enter the basis at a higher selling price. Therefore, parametric 
progrannning of the hog selling price is considered covering the price 
range of $40.00 to $45.00 cwt . 
The hog selling price of $40.00 per cwt does not alter any 
activity levels in the solution and no hog production activity enters 
the basis . The range analysis shows an increased penalty level for 
the selling hog activity to $1 .66 per cwt over the range of 0 to 1,219 
cwt. The feeder pig activity (FDPIG200) has the penalty cost of 
$33.15 for each head forced into the basis. However, if the produc-
tion cost is reduced from $560 to $527 per head, then 61 head 
of the feeder pig activity enters into the basis. 
Further increasing the hog selling price to $45,00 per cwt 
brings about large changes. All land is still used for CCSBFPC but 
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no more steers are produced. The feeder pig activity enters the 
basis at a tremendous level of 49,725 head and the selling hog 
activity at 994,501 cwt due to no constraints on the level of hog 
production. All corn produced is used for feeding and considerably 
more corn i s bought for supplement. This profitable hog production 
yields a very large profit as shown in Table 39, as well as an 
extreme level of borrowed capital. In order to be more realistic, 
some capacity constraints on hog production should be applied. 
However, this result of hog price increases does serve its purpose in 
giving the impact, as well as the direction, of movement of the 
solut ion . 
The conclusion is that there will be no hog production activity 
at the hog selling price of $41.80 per cwt or lower. If the hog 
selling price is increased higher than $42,54 per cwt, hog production 
enters the basis and will increase to the full capacity level when 
the selling price increases to somewhere between $42.54 to $45.00 
per cwt. 
Beef selling price parameterization 
The model chooses to produce 653 head of the STCLV activity given 
the 1979 beef selling price of $69 . 80 per cwt and uses all the corn 
produced for feed. This livestock activity has the unit production 
cost of $469.37 per head with the shadow price of $2.11 per head up 
to 714 head and $2 . 93 per head down to 653 head. If more than 714 head 
of the STCLV activity are forced into the basis, the model starts t o 
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Table 39. Comparison of activities and activity levels at different 
hog selling prices 
Hog selling price $/ C'Wt 40.00 41.80 45 .00 
Sell hog activity cwt 994,501 
Livestock activities STCLV STCLV FDPIG200 
653 653 49, 725 
Crop production 
activities acres CCSBFPC CCSBFPC CCSBFPC 
320 320 320 
Net profit $ 38,839 38,839 623,785 
Corn production bu 32,640 32,640 32,640 
Sell corn bu 
Buy corn bu 4,989,590 
Borrowed capital $ 452,439 452,439 42,243,777 
Month with slack 
own labor Sept. Sept. 
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buy corn. The most competitive beef production alternative is a 
heifer-choice calve s a c t i vity (HFCLV) which has the lowest penalty 
cos t compared to other beef production a c tivities whi ch are not in 
the bas i s at $8.40 per h ead over the range of 0 t o 302 head . The 
present produc tion cost of this activity i s $403. 
The model varies the beef selling price over the range from 
$45.00 to $70.00 in order to study the impact of beef price upon the 
activities in the basis. Table 40 compares the results at different 
beef selling prices. 
In the price range of $45.00 to $65.00 per cwt, the model switches 
from beef production to hog production choosing the feeder pig 
activity (FDPIG200) at 320 head and sells 4,776 cwt of pork. The 
FDPIG200 activity has the production cost of $560 per head and the 
selling price of $41.80 per cwt. The crop activity remains the same 
choosing the CCSBFPC activity, a center pivot irrigation system. 
However, 8,521 bu of corn are sold. The model gives the net profit 
of $33,465 and borrows $199,929. More months have slack owned labor 
and are shown in Table 40. 
The model chooses exactly the same activity levels as the original 
run ($69.80 per cwt beef selling price) when the beef selling price 
increases to $70 . 00. However, the selling price of $75.00 per cwt 
has been experimented with and the model gives an unbounded solution 
due to an infinite steer choice calves activity level. The reason 
that the model is unbounded i s the lack of any capacity constraint on 
the livestock activity, thus allowing infinite profit. 
Table 40 . Comparison of activities and ac tivity levels for different beef selling prices 
Selling beef price $/cwt 45.00 50.00 55 . 00 60.00 65.00 69.80 70.00 
(1979 price) 
Sell beef cwt 7,180 7,180 
Livestock activity hd FDPIG200 FDPIG200 FDPIG200 FDPIG200 FDPIG200 STCLV STCLV 
239 239 239 239 239 653 653 
Crop activity acre CCSBFPC CCSBFPC CCSBFPC CCSBFPC CCSBFPC CCSBFPC CCSBFPC 
320 320 320 320 320 320 320 
Net profit $ 33,465 33,465 33,465 33,465 33,465 38,839 39,571 
Borrowed capital $ 199,929 199,929 199 , 929 199,929 199 '929 452,439 452 , 439 
Corn production bu 32,640 32,640 32,640 32,640 32,640 32,640 32,640 
r' 
w 
'-.l 
Sell corn bu 8,521 8,521 8,521 8,521 8,521 
Buy corn bu 
Sell hog cwt 4 '776 4 '776 4, 776 4, 776 4, 776 
Months with slack 
owned labor Jan. Jan. Jan. Jan. Jan. Jan. Sept. Sept . 
Feb. Feb. Feb . Feb . Feb . Feb. 
Mar . Mar. Mar. Mar . Mar . Mar. 
Apr . Apr. Apr . Apr . Apr . Apr . 
Dec. Dec . Dec. Dec. Dec. Dec . 
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The analysis shows that at the beef selling price of $69.80 per 
cwt or higher, beef production is a more profitable choice using the 
STCLV activity. At lower beef selling prices than this, hog produc-
tion is a more profitable choice using the FDPIG200 activity given 
the hog selling price of $41.80 per cwt and production cost of $560 
per head . The fluctuation of beef prices has no effect upon the crop 
production alternative as the model continues using all land for the 
CCSBFPC activity preferring irrigation to dry land production, 
Economic Feasibility Study of Irrigation 
From the Dakota Sandstone Aquifer 
The Dakota Sandstone Aquifer is the alternative irrigation water 
supply for NWIA, especially for the area which has no access to the 
Alluvial Aquifer. Since January 1, 1981, the Iowa Natural Resource 
Council (INRC) has abolished the ban on withdrawing water from the 
Dakota Sandstone Aquifer for irrigation purposes and started issuing 
water permits for this aquifer. According to the report on the 
capacity of the Dakota Sandstone Aquifer (36), this aquifer is a 
promising alternative for irrigation water supply. The three sites 
of the Dakota Sandstone Aquifer in NWIA which were t ested and gave hi gh 
pumping rates varying from 800-1,000 gpm. This study considers the 
economic feasibility of withdrawing ground water from the Dakota 
Sandstone Aquifer for irrigation purposes . 
The analysis is based upon the same set of assumptions as the 
Alluvial Aquifer case except higher pumping costs are incurred due 
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t o a deeper well depth of 350 feet. Pumping cos t adj ustments wer e 
made based on Jack D. Frus's es timation (22) with t he assistance of 
Stu Melvin, I . S.U. agricultural engineer, with the results shown in 
Table 16 . 
Basic solution 
The results show no i rrigation activity in the basis . The 
model chooses two combinations of crop activities which are 295 
acres f or the corn-corn-soybean-fall plow-dry land activity (CCSBFPD) 
and 25 acr es for the corn-corn-soybean-spring plow-dry land activity 
(CCSBSPD) . The t otal net pr ofi t is $36,338 and $362 ,850 is borrowed . 
The total investmen t tax credit earned from an average yearly 
investment on all machines used on the farm is $1 ,409 which is only 
half of the previous case due to the absence of a large irrigation 
investment. Table 41 gives s ummary of important activity levels for 
an average year case . 
The STCLV activity is in the basis at 535 head . The model s t arts 
buying corn for animal feed as dry land production gives lower yields 
than i rrigated l and production. There are 3,733 bu of soybeans 
produced and sold a t $6.18 per bu. There are slack owned labor hours 
in February and September. The highest number of hired labor hours 
at 324 hours is in November. 
The range analysis shows that irrigated land production activities 
have very high penalty costs if they are forced into the basis . The 
irrigation activities which have the lowest penalty costs among others 
Table 41. Comparison of activity levels and their profit of 
different yield category period 
Unit Average year 
Net profit $ 36,338 
Borrowed capital $ 362,850 
Crop production activity unit CCSBFPD 98.29 CCSBSPD 8 , 37 
(295 acres) (25 acres) 
unit cost $ 325,83 324.98 
Irrigated crop pr oduction 
activities with relative 
low penalty cost if forced 
into the basis and their 
penalty costs per uni.t $/unit CCSBFPG 30.19 
CCSBFPT 78.24 
Corn production bu 22,810 
Sell corn bu 
Buy corn bu 3,953 
Soybean production bu 3,733 
Livestock activity bu STCLV 535 
Minor dry year 
(corn yield reduces 
by 5%--other crops' yield 
r educes by 2 .5%) 
34,605 
366, 530 
CSBSPD 12 . 70 CCSBFPD 98.20 
(25 acres) (295 acres) 
198 . 79 
CCSBFPG 13 .88 
CCSBFPT 61.98 
22 , 360 
5 , 460 
3, 785 
STCLV 535 
325 . 83 
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Major dr y year (corn 
yield reduces by 50%--
other crops' yield 
r educes by 25%) 
33,435 
461 ,888 
CCSBFPC 106 . 67 
(320 acres) 
543 .03 
CFPC 1. 89 
CTPC 7.39 
CSBFPG 6 . 70 
CSBSPG 8 .13 
CCSBSPG 6.00 
CCSBSPG 8 . 20 
CCSBSPC 5 .11 
32,640 
4,733 
STCLV 653 
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are the CCSBFPG activity and the CCSBFPT activity . These activities 
have penalty costs of $30 . 14 and $78 . 24 per unit, which is still 
high. The CCSBFPD activity which is in the basis has the shadow 
price of $1 . 29 over the range of 98 to 86 units and the shadow 
price of $.27 at 96 units. The CCSBSPD activity has the shadow 
price of $.27 per unit at the lower level activity of 8.37 units 
and the shadow price of $20.70 per unit over the range of 8.37 to 
20.70 units . Other irrigated crop production activities are far 
from entering the basis. 
Crop yields parameterization 
The previous solution based on the average yields per year results 
in no irrigation ac t ivity entering the basis when using a 350 foot 
deep well . The study considers the fluctuation of dry land crop 
yields due to a drier than average year and their effects upon the 
crop production alternatives. Two cases of crop yield reduction are 
assumed, the minor dry year and the severe drought year. According 
to Nielson ' s study (40), there are six years out of 20 in which 
the level of precipitation is so low that corn yields are reduced by 
five percent from an average year. Soybeans, oats and alfal fa hay 
are assumed to be able to tolerate more dry weather and the yields 
are only reduced by 2.5 percent . This is a minor dry year case. 
There are four years out of 20 in which the corn yield reduces by 
50 percent from the average year and other crop yields are reduced 
by 25 percent . This is the severe drought year case. All dry land 
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crop yields are subject to these fluctuations and are adjusted 
accordingly as shown in Table 42. The irrigated cr op yields, however, 
remain the same as the Dakota Sandstone Aquifer provides sufficient 
water for irrigation even during the dry years. The results of the 
parametric programming on crop yields of the two cases are shown in 
Table 41 . 
The minor dry year case still does not have any irrigation 
activities in the basi s . The CCSBFPD activity is i n the basi s at 
the same level as the basic solution, however, the CCSBSPD activity 
leaves the basis and is replaced by the corn-soybean- spring plow-
dr y land activity (CSBSPD), This means that the model chooses to 
produce r e lative ly more soybeans during the minor dry year due to its 
higher drought tolerance. The STCLV activity remains in the basis 
at the same level, 535 head . More corn is bought for animal feed . 
The CCSBFPD activity uses 295 acres at the production cost of 
$325 per unit (3 acres). Its shadow prices are $ . 34 per unit for the 
range of 98 . 19 to 32 . 17 units and $.37 per unit for the level of 
98 .19 units (295 acres). This means that the increase in the 
production cost by 34 cents per unit would reduce the activity l evel 
by one-third from 98 . 19 to 32.17 units. The opti mum activity level 
is very sensitive to production cost. 
The CSBSPD ac tivity uses 25 acres of land at the production cost 
of $198.79 per unit (2 acr es) and has the shadow price of six cents 
and 78 cents per unit. The increase of production cost by six cents 
Table 42. Crop yields in response t o weather condition 
Crop yield per acre Yield from a minor 
for a given tillage dry year occurs on 
practice and dry Average dry an average 6 out of 
land production Unit land yield 20 years 
Corn, fall plow bu/acre 101.00 96 . 00 
Corn, spring plow bu/acr e 97 . 00 92 . 00 
Corn, till plant bu/acre 99.00 94.00 
Soybean, fall or 
spring plow bu/acre 35.00 34.13 
Hay, fall or 
spring plow ton/acre 3 . 70 3.61 
Hay, till plant ton/acre 3.73 3.64 
Oat, fall or 
sping plow bu/acre 44 .13 43.01 
Oat , till plant bu/acre 44.66 43.54 
Yield f rom a severe 
drought year occurs 
on an average 5 out 
of 20 years 
49 .00 
45 . 00 
47 .00 
26. 25 
2 .78 
2 . 80 
33.10 
33 . 50 
...... 
"' "' 
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will push the activity out of the basis and the activity corn-corn-
soybean-spring plow- dry land (CCSBSPD) enters the basis. This means 
that this activity is also very sensitive to its production cost. 
The irrigation activity which has the lowest penalty cost in 
terms of reducing the net profit value is the corn-corn-soybean-
fal l plow-gated pipe activity (CCSBFPG) which has the penalty cost 
of $13 . 88 per unit (3 acres) up to 5.12 units. Other irrigation 
production activities are very sensitive to enter the basis. 
In the severe drought year case, the model chooses the corn-
corn-soybean-fall plow-center pivot activity (CCSBFPC) regardless 
of the high production cost of $543 per unit excluding the fuel cost 
fo r irrigation . The activity produces 32,640 bu of corn and 4 , 734 
bu of soybeans at the total production cost of $71,877 including the 
fuel cost . All corn produced is used for 653 head of the steer-choice 
calves activity (STCLV) . The net profit earned is $33,435 including 
the investment tax c redit of $3,163. The model borrows $461,888 which 
is more than the other two previous cases because of more livestock 
production and higher crop production costs using the irrigation 
system. 
The CCSBFPC activity has a shadow price of $5.12 per unit (3 
acres) over the range of 106 . 66 to 0 units. A production price 
increase to $548.or more will cause the activity to leave the basis. 
The closest competitive activity is t he com-corn-soybean-spring plow-
center pivot activity (CCSBSPC) with a shadow price of $5 . 12. The 
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reduction of production cos t by $5.12 to $537.56 per unit will allow 
all land to be used under the CCSBSPC activity . The corn-corn-soybean-
fall plow-gated pipe activity (CCSBFPG) is also sensitive in 
moving into the basis with a shadow price of $6.00 per unit (3 acres) 
over the range of 0 to 106.66 units (Oto 320 acres) . 
Irrigation from the Dakota Sandstone Aquifer for crop production 
in Lyon County is not the most profitable alternative on an average 
year condition or a minor dry year condition when crop yields only 
fall by five percent or less from average-year yields. However, 
irrigation becomes more attractive during the severe drought years. 
Nielson (40 , 1979) has estimated that in four out of 20 years corn 
yields reduce by 50 percent and in one year out of 20 there is 
total crop failure. Therefore, we would expect that the irrigation 
system will enter into the basis on the average of six out of 20 
years using the Dakota Sandstone Aquifer as the ground water source 
with an average well depth of 350 feet. Table 41 summarizes and 
compares the activity levels for these three crop conditions . 
Fuel price parameterization 
Fuel cost is a major share of costs in any irrigation system. 
The pumping cost for irrigation from the Dakota Sandstone Aquifer 
increases the average cost for irrigation drastically as fuel costs 
rise. To withdraw water from the Alluvial Aquifer requires one gallon 
of fuel per inch of water irrigated over each acre with the gated pipe 
system, but needs 2. 33 gallons of fuel for the same purpose if 
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withdrawing water from the Dakota Sandstone Aquifer . The traveling 
gun consumes 4 .05 gallons of fuel for the Alluvial Aquifer case compared 
to 5.35 gallons for the Dakota Sandstone Aquifer case. The fuel 
consumption for withdrawing and applying water for irrigation from 
the Alluvial Aquifer using a center pivot irrigation system is 2.84 
gallons per inch of water compared to 4.16 gallons if the water is 
withdrawn from the Dakota Sandstone Aquifer. Parametric programming 
is used to study the impact and the intensity of fuel price increases 
upon irrigation systems for crop production and the prof it level of 
a 320-acre farm . Diesel fuel price is varied from $.92 per gallon 
to $1.52 per gallon and applied only on the severe drought year case 
where the crop production using irrigation has entered into the 
basis. 
The CCSBFPC activity is chosen in the case of a severe drought 
year . Irrigation is more attractive during drought periods; without 
irrigation, the crop yield would be reduced by one half. This result 
is, however, based on the assumption that diesel fuel price is $ . 92 
per gallon. The total fuel used for irrigation is 15,166 gallons 
which costs $13,953 . The yields are 32,640 bu of corn and 4,733 bu 
of soybeans. The operation earns $33,435 net profit including the 
profit from 653 head of steer-choice calves operation . 
The CCSBFPC activity costs $543.03 per unit (3 acres) plus the 
irrigation fuel cost of $131 per unit gives the total cost of $673. 
Despite such a high cost of production which is double dry land 
148 
production cost, irrigation is preferred during a drought period . 
The range analysis shows that if the fuel price increases over $1.02 
per gallon , the corn-com-soybean-fall plow-gated pipe activity 
(CCSBFPG) will start entering the basis. The CCSBFPC activity has 
a shadow price of $5 . 11 per unit and at its lower unit cost of $548.15 
the corn- corn-soybean-spring plow- center pivot activity (CCSBSPC) 
starts entering the basis . Some increases of production cost or 
fuel price do not bring in any dry land production but rather may 
shift t o some other irrigation system for the crop production. This 
conclusion is also supported by very high shadow price or penalty 
cost per unit of all dry land crop production activities if forced 
into the basis. The lowest penalty cost per unit (1 acre) is for the 
corn-fall plow-dry land activity (CFPD) of $74. However, fuel price 
has increased at a very rapid rate which makes irrigation become a 
less and less attractive choice for crop production. The following 
analysis considers the effect of fuel price increases upon irrigation 
using a 10 cent increment for diesel fuel price. 
The CCSBFPG activity enters the basis and the CCSBFPC activity 
leaves when the fuel price ris es t o $1.12 as expected in the previous 
range analysis. Gated pipe systems have a lower f uel consumption 
rate than the center pivot sys tem but also a lower ef ficiency level 
in applying water for irrigation . This lower efficiency results in 
lower crop yields . Corn production has reduced to 28,160 bu and 
soybean production has reduced to 4,541 bu, The production cost of 
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the CCSBFPG activity including the irrigation f uel cost will be 
$557 .74 per unit (3 acres). The CCSBFPG ac t ivi t y has a unit (3 acres) 
production cost of $463 . 80 with a shadow price of $1.03 . If the 
production cost increases to $464 . 84 or more, some land will be used 
under a center pivot i rrigation system. The net profit has fallen 
to $31,713 . The livestock operation is also of a smaller scale with 
the STCLV activity at 563 head. 
The f uel consumption for irrigation has decreased by nearly a 
half to 8 , 947 gallons which costs $10,023. The range analysis shows 
that if the fuel price has increased by $1. 34 per gallon to the price 
of $2 . 46 per gallon or more, then some dry land crop production will 
enter into the basis with the corn-soybean~fall plow-dry land activity 
(CSBFPD). The lowest penalty cost for dry land crop production i s 
the corn-fall plow-dry land activity (CFPD) at $69 per acre which is 
still high. 
Further f uel price increases to $1.22, $1 . 32, $1.42, and $1.52 
per gallon do not al t er any activity levels from the $1.12 fuel 
price case except naturally reducing the net prof it levels due to 
higher f uel costs . The range analysis for the $1.52 fuel price cost 
shows the shadow price of fuel to be $1,10 per gallon, This means 
that if the fuel price has i ncreased to$2. 62 or more, s ome new 
activity will enter the basis and, in this case , it is the CSBFPD 
act i vity. 
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The CCSBFPG activity has a shadow price of $2 . 20 per unit 
(3 acres) and if its production cost has increased to $466 or more, 
the CCSBSPG activity will enter the basis. Other dry land crop 
production activities are still very unlike ly to enter the basis 
and have high penalty costs per unit forced into the basis . The 
CFPD activity has the lowest penalty cost among them with the value 
of $62 per acre. 
Table 43 shows the comparison of the activity levels and some 
shadow prices which r ef lec t the impact of higher fuel prices . At 
the low fuel price of $.92 per gallon or less, the most efficient 
irrigation system, the center pivot system, is very attrac tive dur i ng 
a drought period . Center pivot applies the most water fo r cr op 
consumption out of the 12 inches per year legal restriction that is 
allowed in withdrawing gr ound wa ter. This results in higher crop 
yields. However, it consumes more fuel and becomes a decreasingly 
attractive choice when the fuel price increases . The center pivot 
system is starting to be replaced by a lower fuel consumption s ystem, 
like a gated pipe system, when the fuel price has increased to $1.02 
per gallon. It will be totally replaced by the gated pipe system 
when the fuel price has reached $1.12, The gated pipe system 
remains in the basis even with a very high fuel price of $1 . 52. 
Dry land crop production activities are unlikely to enter into the 
basis as long as the fuel price is lower than $2,62. The analysis 
has shown that an irrigation system is an attractive choice during 
Table 43 . Comparison of activities and activity levels for different fuel price 
Diesel fuel 
price ($/gal) Unit .92 1.12 1. 22 1. 32 1.42 1.52 
Net profit $ 33,435 31, 713 31,172 30,631 30,091 29,550 
Crop production 
ac tivity unit CCSBFPC CCSBFPC CCSBFPC CCSBFPG CCSBFPG CCSBFPG 
106 . 67 106.67 106 . 67 106 . 67 106.67 106 . 67 
(320 acres) (320 acres) (320 acres) (320 acres) (320 acres) (320 acres) 
Unit cost $ 543.00 463 . 80 463.80 463.80 463 . 80 463 . 80 
Shadow price $ 5.11 1.03 2.20 2.20 2.20 2 . 20 
Upper unit 
cost $ 548.11 464.83 466 . 00 466.00 466.00 466 . 00 
Activity comes 
in at the 
upper cost CCSBSPC XCCTPIVTa CCSBSPG CCSBSPG CCSBSPG CCSBSPG 
Irrigation 
fuel gal 15,166 8,947 8,947 8,947 8,947 8,947 
Total fuel cost $ 13,953 10,023 10,915 11,810 12,705 13,599 
Upper unit 
cost 1.02 2 . 46 2 . 50 2 . 54 2 . 58 2.62 
Activity comes 
in at the 
upper cost CCSBFPG CSBFPD CSBFPD CSBFPD CSBFPD CSBFPD 
Corn produc-
ti on 
Sell corn 
Buy corn 
Soybean pro-
duction 
Livestock 
activi t y 
aXCCTPIVT 
per acre. 
bu 32,640 28,160 28,160 28 ,160 28 ,160 28 ,160 
bu 
bu 
bu 4,733 4,541 4 , 541 4 ,541 4 , 541 4,541 
head STCLV 653 STCLV STCLV STCLV STCLV STCLV 
stands for investment tax credit for a center pivot irrigation system investment 
....... 
V1 
N 
153 
a severe drought year and an increase in fuel price does not seem 
to eliminate an irrigation system. However, the chance that a severe 
drought year occurs is only five out of 20 years . While irrigation 
using ground water from the Dakota Sandstone Aquifer is not economically 
justified on an average year, it is definitely a better choice during 
drought per iods and some merit should be given to irrigation in 
preventing drastic income fluctuation over time, 
Interest rate of borrowed capital parameterization 
In the case of withdrawing irrigation water from the Alluvial 
Aquifer, the interest rate has quite strong effects upon the combina-
tion of activities in the solution. High interest rates cause reduc-
tions in livestock activities and replace high cos t crop production 
activities with lower cost ones, while low interest rates allow the 
model to push up the net profit through high levels in livestock 
operations . Previous analysis has shown that using ground water from 
the Dakota Sandstone Aquifer is profitable only during severe drought 
periods and this has been based upon an assumption of low interest 
rates of 12 percent per year for borrowed capital. In this part 
of the analysis, the impact of i ncreasing interest rates upon the 
irrigation from the Dakota Sandstone Aquifer activities during drought 
periods is considered using the same procedure as in t he Alluvial 
Aquifer case. 
At the 12 percent inter est rate, the CCSBFPC activity uses all 
320 acres of land. The model borrows $461,887 of capital and makes a 
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net profit of $33,435. The range analysis s hows that if the 
interest rate increases to 13.4 percent, then the CSBFPG activity 
starts to enter the basis. This CSBFPG activity actually enters the 
basis at 70.91 units (141 acres) when the interest rate is 16 percent. 
The two percent increase of interest r ates on borrowed capital to 
14 percent does not change any activity levels apart from decreasing 
the net profit by $3,000. The range analysis indicates the tendency 
of gated pipe systems to enter at the upper limit cost of both the 
borrowed capital activity and the CCSBFPC activity. This means 
that increase of interest rates or of the CCSBFPC production cost 
will bring the gated pipe irrigation system into the basis. 
The CSBFPG and CSBSPG activities enter the basis at the interest 
rate of 16 percent at 70.91 units (141 acres) and 28.09 units (56 
acres), respectively. The CCSBFPC activity drops to 40.67 units 
(123 acres) due to its high production cost which has to be funded 
through borrowed capital. An increase in production costs of $1.89 
or more per unit of the CCSBFPC activity will result in the activity 
leaving the basis. The lower level of CCSBFPG activity and the 
replacement of less efficient production processes (the CSBFG and 
CSBSPG activities) to reduce the capital cost decrease the corn 
production by 7,156 bu. However, more land is used for soybean 
production and the production increases by 1,285 bu. 
The amount of borrowed capital decreases drastically from 
$461,888 to $365,970, nearly a $100,000 decrease. The livestock 
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operation is of a smaller scale and this allows more free hours for 
owned labor as shown in Table 44. Despite the large reduction in 
loan, the net profit is reduced by only $2, 400 . 
At the interest rate of 18 percent, all land is used for the 
CSBSPG activity. There is less corn production and more soybean 
production. The borrowed capital level drops even further by 
$167,000 and only $198,125 is borrowed. However, net profit only 
decreases by seven percent compared t o the 45 percent decrease in 
the amount of the loan. The CSBSPG activity will no longer be the 
profitable choice of production if its cost increases only by 17 
cents per unit and will be replaced by the CSBFPG activity . The STCLV 
activity is decreased by more than one half to only 172 head, compared 
to 491 head in the case of 16 percent interest rates . Some corn 
is sold now and there is even more slack owned labor. 
Further increase of the interest rate to 20 percent and 22 percent 
gives similar effects, apart from lower net profit levels in the 
latter case due to higher costs of bor rowed capital. The amount of 
loan is $56,478 which is only 28 percent of the previous case. Range 
analysis shows that at the interest rate of 34 percent, t he same 
amount of loan will be borrowed, however, the com-till plant-
traveling gun activity (CTPT) starts entering the basis . This · 
means that more land will be used for corn production than before. 
The CCSBFPC activity is no longer chosen . Most land is used 
fo r the CSBSPG activity at 264 acres and only 50 acres for the 
CSBFPG activity. The CSBFPG activity is very sensitive to cost 
Table 44. Impact of i nterest rate on borrowed capital upon activity 
levels during a major dry year period 
Annual interest 
rate on borrowed 
capital 12% 14% 16% 16% 
Net profit ($) 33,435.00 30,802 . 00 28,384 . 00 
Investment tax 
credit ($) 3,163.00 3,163.00 2,556 . 00 
Amount of borrowed 
capital ($) 461,887 . 92 461,888.00 365,970.00 
upper unit cost 
($/$) . 06694 .07124 . 08134 
(%) (13. 4%) (14.24%) (16.26%) 
lower activity 
level ($) 399,744.83 399,744.78 357,759 . 00 
activity enters at 
upper unit cost CSBFPG XCGATPI (LDEC leaves) 
lower unit cos t 
($/$) . 05654 .06918 . 0793 
(%) (11 . 31%) (13 . 84%) (15.86%) 
Crop production 
activities CCSBFPC CCSBFPC CSBFPG CSBSPG 
unit 106.67 106 . 67 70.91 28 .09 
acres 320 . 00 320.00 141.00 56 .00 
uni t cost ($) 543,03 543,03 291 , 59 291.11 
upper unit cost ($) 548 . 15 544 . 82 293.03 291. 78 
lower activity 
level (unit) 0 63.80 31. 26 0 
activity enters at 
upper unit cost CCSBSPC XCGATPI SELCORN (LAPR leaves) 
Livestock production 
activity STCLV STCLV STCLV 
head 653 . 00 653.00 509 . 00 
unit cost ($) 469 .37 469.37 469.38 
upper llllit cost ($) 473.97 470 . 21 470 . 27 
lower activit y 
level 558 . 00 560.00 497.00 
activity enter s at 
upper unit cost SELCORN SCGATPI (LDEC leaves ) 
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16% 18% 20% 22% 22% 22% 
26,381 25 ,536 25,174 
1,919 1,562 1 , 562 
198,125 56 ,478 56,478 
.09139 .16825 . 17336 
(18 . 27%) (33. 65%) (34.67%) 
158,550 56 ,478 56,478 
(LJUN leaves) CTPT CTPT 
.08954 .09937 .10232 
(17.91%) (19.87%) (20.46%) 
CCSBFPC CSBSPG CSBFPG CSBSPG CSBFPG CSBSPG 
40.67 159 . 99 27 . 54 132. 45 27 . 55 132.45 
123 . 00 320 . 00 56.00 264.00 56.00 264 .00 
543 .00 291.11 291. 58 291.11 291. 58 291.11 
544 . 92 291. 82 291. 61 292.22 291. 69 292.33 
0 0 0 0 0 0 
CCSBFPG CSBFPG CCSBFPG HIRELNOV CCSBFPG HIRELNOV 
STCLV 
239.00 
469.38 
470 . 21 
172.00 
(LJUN leaves) 
Table 44 . (continued) 
Annual interest 
rate on borrowed 
capital 12% 14% 16% 16% 
Corn pr oduction (bu) 32,640 32,640 25,484 
sell corn (bu) 
buy corn (bu) 
Soybean production 
(bu) 4,734 4,734 6,019 
Months with slack 
owned labor hours Sept. Sept . Jan . , Feb ., 
Sept. 
Months with no 
labor hired Sept. Sept. Jan., Feb ., 
Apr., Sept. 
Dec. 
Crop production 
activity not on 
the basis but can 
be forced into the 
basis wi~h rela-
tive low penalty 
cost per unit 
($/unit) CFPC 1.89 CFPC 4 . 89 CSBFPC 7.54 
CCSBSPG 5.11 CSBFPC 7 .13 CCSBFPG 1.20 
CCSBFPG 6.00 CSBFPG 1.19 CCSBSPG l,20 
CSBFPG 6. 70 CCSBSPC 3,06 
16% 18% 
20,960 
9,022 
6,811 
Jan . , Feb. , 
Mar . , Apr., 
Sept . , Dec . 
Jan., Feb . , 
Mar . , Apr . , 
June, Sept., 
Dec. 
CSBFPG 
CCSBFPG 
CCSBSPG 
CCSBFPC 
• 72 
3. 47 
2.37 
4 . 22 
20% 
20,987 
20,987 
6,811 
All except 
July , Aug., 
Nov. 
All except 
July , Aug. , 
CCSBFPG .06 
CCSBSPG .94 
159 
22% 22% 
20,987 
20,987 
6,811 
All except 
July, Aug . , 
Nov . 
All except 
July, Aug . 
CCSBFPG . 25 
CCSBSPG 1 . 20 
CCSBFPC 4 .47 
22% 
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increases since, with only a three cent increase in produc tion cost, 
this activity leaves the basis and the CCSBFPG activity enters into 
the solution. 
There are no more livestock activities bec ause of their high 
investment costs becoming too expensive when interest rates on 
borrowing increase. This explains the great reduction of borrowed 
capital. All corn and soybeans produced are sold. The total 
operation yields the net profit of around $25,200 which is only $1,000 
lower than the previous case. 
The analysis shows that the level of loan is very elastic with 
respect to the interest rate charged, The t en percent increase in 
the interest rate from 12 percent to 22 percent reduces the loan by 
more than $405 , 000 or 87 percent , However, the interest rate does 
not have much impact upon the profit level as a ten percent increase 
of the interest rate only reduces the net profit by 12 percent. 
The reduction of $405,000 in borrowing only reduces the profit level 
by $8,261. Table 44 shows the comparison of activity levels over 
different interest rates of borrowing. Livestock operations are 
sensitive to the interest rate as these are capital intensive 
investments and the model assumes that all capital is borrowed and 
subject to interest charged . Interest rate increases from 12 percent 
to 18 percent have reduced the numbers of livestock by 414 head or 
63 percent. Livestock operations become too expensive and are no 
longer profitable choices when the interest rate reaches 20 percent. 
The crop production activities are fairly sensitive to the interest 
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r a te . At a l ow interest rate (12-14 percent ) , the center pivot 
sys t em is still profitable ; however, at higher interest rates, i.e. 
18 percent or more , t he center pivot , which r equires relatively more 
capital investment than other irrigation systems, is r epl aced by a 
ga ted pipe irrigation system. Note that this analysis considers 
the opera tion during drough t periods which , wi t hout irrigation, 
r educes crop yields by half . It shows that i rrigation is profitable 
even with high interest rates; thus we must simply decide which 
irrigation system is most economical. 
Corn price parameterization 
The analysis has shown that i rrigat ion from t he Dakota Sandstone 
Aquifer is not an attrac tive produc tion choice for an average year 
or a minor dry year condition. However, this res ult is based upon 
the corn price during 1979 of $2.40 per bu. There is a tendency 
f or t he corn price to increase over time . This part of the analysis 
attempts to es t imate the m.inimum corn price which will make irriga-
tion become an economically feasible technique on an average year 
and a minor dry year condi tion. 
Table 45 gives a swmnary of t he corn price's effect upon t he 
ac tivity levels for an average year condition. At the corn selling price 
of $2 . 40 and $2.50 per bu, the model chooses dry land production, the 
CCSBFPD and CCSBSPD activities . More land is used fo r the CCSBFPD 
ac t ivity at an average of 90 units (270 acres). Selling corn is not an 
op t imal activity and more prof it can be made by having a steer-choice 
Table 45 . Comparison of activity levels of an average year condition and the corn prices 
Corn selling price 
($/bu) 
Ne t profit ($) 
Coro production 
activity 
unit 
acres 
unit cost of pro-
duction ($) 
upper unit cost of 
production ($) 
lower ac tivity level 
(unit) 
Corn produc tion (bu) 
Sell corn (bu) 
upper unit price 
($/bu) 
upper activity level 
(bu) 
2.40 
36,338 
CCSBFPD CCSBSPD 
28 . 29 8.37 
294 . 00 25 .00 
325.83 324.98 
327.11 325.25 
85 . 97 8 . 37 
22 , 810 
2.52 
14,501 
lower unit price ($/bu) 0 
Soybean production (bu) 3,734 
Buy corn (bu) 3,953 
2 . 50 
36,200 
CCSBFPD 
85 .07 
255 . 00 
325 . 83 
327. 72 
0 
22,783 
2.63 
13,516 
0 
3,733 
2 ,150 
3 . 00 
39,935 
CCSBSPD CFPC 
21.59 320.00 
65.00 320 .00 
324.98 198 . 66 
325 . 25 202.74 
21.59 261.48 
46,080 
46,080 
3.02 
46 , 080 
2 . 96 
3 .50 
50,794 
CFPC 
320.00 
320.00 
198 . 66 
203 .04 
261.48 
46 , 080 
46,080 
3 . 65 
102,522 
3.28 
4 . 00 
60 , 628 
CFPC 
320 . 00 
320.00 
198 .66 
203.20 
261 . 48 
46,080 
46,080 
4.14 
90,230 
3 . 58 
Livestock activity 
(head) 
unit cost of pro-
duction ($/head) 
upper unit cost 
($/head) 
lower activity level 
(head) 
New activity enters at 
the upper unit cost 
Crop production 
activities which 
are not in the basis 
but can be forced 
into the basis with 
low penalty cost and 
their penalty costs ($) 
STCLV 535.00 
469 . 38 
469 . 84 
501 . 00 
(LJAN leaves 
the basis) 
CSBFPD 1. 57 
CSBSPD 1 . 27 
STCLV 499.00 
469.38 
470 . 17 
455 . 00 
(LMAR leaves 
the basis) 
CSBSPD 3.20 
CSBFPD 3.52 
CFPD 7 . 81 CTPC 4.38 CTPC 4 . 54 
CTPC 4.08 
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calves activity in the basis at around 520 head. All corn produced 
is us ed for animal feeds. The net profit is an average of $36 , 250. 
At corn prices higher than $3.00 per bu, corn production and 
selling activities become more profitable than others and all land 
is used for continuous corn pr oduction. The center pivot irrigation 
sys tem is chosen because it is more efficient in applying water for 
crop consumption. This r esults in higher crop yields than other 
techniques even though it has high operation costs, All corn 
produced (46 ,080 bu) is sold and gives a net profit of $39 ,935 
when the price is $3 . 00 per bu and $60,628 when the price is $4.00 
per bu. Livestock is no longer chosen as more profit can be made 
through selling corn than selling beef. Crop production which i s not 
in the basis but is a clear competitive choice is the corn-till plant-
center pivot activity (CTPC). Small decreases in production costs 
of this activity or increases in production costs of the CFPC activity 
will bring it into the basis. 
In the case of a minor dry year, at a corn selling price of 
$2 .40, there is no crop production activity using irrigation in the 
basis . The CSBSPD and CCSBFPD activities are chosen at the level 
of 12.70 units (25 acres) and 98 . 20 units (295 acres), respectively. 
All corn produced, 22,361 bu, is used for the STCLV activity's feeding 
of 536 head of steers. Owned corn produc tion is not enough fo r animal 
feeds and some more corn is purchased . Table 46 shows the summary 
of some important activities in the basis. 
Table 46. Comparison of activity levels of a minor dry year condi tion 
and t he corn prices 
Corn selling price 
($/bu) 
Net profit ($) 
Corn produc t i on activity 
unit 
acres 
unit cost of pr oduction ($) 
upper unit cost of production ($) 
lower activity l evel (unit) 
Corn production (bu) 
Sell corn (bu) 
upper uni t price ($/bu) 
upper a c tivity level (bu) 
lower unit price ($/bu) 
Soybean production (bu) 
Buy corn (bu) 
Livestock activity (head) 
unit cost of production ($/head) 
upper unit cost ($/head) 
lower activity level (head) 
New activity enters at the upper 
unit cost 
Crop produc tion activities which 
are not in the basis but can be 
forced into the basis with low 
penalty cos t and their penalty 
cost ($) 
2 . 40 2 . 40 
36,604,00 
CSBSPD 
12 . 70 
25,00 
198. 79 
198,86 
0 
CCSBFPD 
98 . 20 
295 . 00 
325.83 
326 . 17 
32.17 
CCSBSPD CSBFPD 
22, 361. 00 
2 .53 
926 .00 
0 
3,785.00 
5,459.95 
STCLV 536.00 
469 . 38 
469 .81 
503 .00 
(LJAN leaves the basis) 
CF:PC 1,72 
CCSBSPD ,11 
2 . 50 
CFPC 
41 . 60 
41.60 
198 . 66 
200 . 29 
37.33 
(LDEC leaves 
the basis) 
2 . 50 
34,497 . 00 
CCSBFPD 
71.22 
214 . 00 
325.83 
327 . 511 
71 . 22 
CSBFPD 
25,806 . 00 
2 . 62 
161 . 25 
0 
3,167 . 00 
STCLV 498.00 
469 . 38 
470 . 44 
491. 00 
(LDEC leaves 
the basis) 
CSBSPD 1 . 03 
CCSBFPC 5 .06 
2 . 50 
CCSBSPD 
21. 58 
74 . 00 
324 . 98 
325.28 
21.58 
CCSBSPG 
3. 00 
39,935.00 
CFPC 
320.00 
320.00 
198.66 
200 . 19 
320.00 
(CTPC 
leaves) 
46,080.00 
46,080 . 00 
3 .14 
46 , 080 . 00 
2 . 97 
CFPG 6.89 
CSPC 8 . 48 
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3.50 4 . 00 
50,793.00 60 , 628 . 00 
CFPC CFPC 
320.00 320 . 00 
320.00 320 . 00 
198.66 198 . 66 
200 . 27 200 . 30 
320.00 320 . 00 
(CTPC (CTPC 
leaves) leaves) 
46,080.00 46,080 . 00 
46,080.00 46,080.00 
3. 65 4 . 14 
102 , 522 . 00 90,229.00 
3. 25 3.57 
CSPC 9 . 03 CSPC 9 . 28 
CFPG 10.77 CFPG 13.71 
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At the corn selling price of $2 . 50 per bu, the CSBSPD activity 
leaves the basis and is replaced by the CFPC and CCSBSPD activities . 
The CCSBFPD activi ty is still in the basis but at slightly smaller 
levels as shown in Table 46 . The total corn production has increased 
because of the use of irrigation. All corn is used for animal feeds; 
however, the model does not buy any more corn as the corn price has 
gone up. The model assumes that the purchase price of corn is ten 
cents higher than the selling price , This results in fewer steers 
being raised and a lower level of net profit. 
Further increases of the corn selling price to $3 , 00 , $3 . 50 , and 
$4. 00 give the same activity combinations and activity levels. 
Continuous corn production using a high yield production technique 
of CFPC is profitable at high corn prices. All corn produced i s sold 
and there is no livestock production in the basis. 
The net profit earned is $39,935 at the corn price of $3,00 and 
nearly double when the corn price increases to $4.00 . Some other 
irrigation activities which are not in the basis butwhich can be fo rced 
into the basis at relatively low penalty costs are corn-fall plow-
gated pipe (CFPG) and corn~spring plow-center pivot (CSPC). The 
penalty costs of these activities are shown in Table 46 , 
This part of the analysis has shown that the fluctuation of 
corn selling prices does have an effect upon the activity combinations 
and their levels . During an average year or a minor dry year with 
low corn prices ($2.50 per bu or lower), irrigation is not profitable . 
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More profit can be made through dry land corn production and steer 
calves production . There is no corn sold at this lower price. (For 
the minor dry year case, the irrigation production technique, CFPC, 
does come into the basis at the corn selling price of $2.50 but only 
at a low level of 41 acres out of 320 acres.) At the very low corn 
price ($2.40 per bu), it is profitable to raise more steers and buy 
corn to feed them when owned corn production is no t sufficient . However, 
when the corn price has risen to $3.00 or higher, livestock production 
is no longer profitable, More profit can be made through selling 
corn. In order to maximize the corn production, land is used for 
continuous corn activity with high efficiency by using the CFPC 
activity . The profit nearly doubles for this 320-acre farm when the 
corn price has incr eased from $2.40 to $4.00 per bu (1979 prices). 
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CHAPTER 7. CONCLUSION AND RECOMMENDATION 
Conclusion 
The economic feasibility study of irrigation in Lyon County of 
Northwest Iowa is conducted using a linear programming pr ocess . There 
are two possible sources of ground water for irrigation. These are 
the Alluvial Aquifer and the Dakota Sandstone Aquifer. The Alluvial 
Aquifer lies underneath the river bottomland around the Missouri, 
Sioux and Rock Rivers. This source of ground water has a lower pumping 
cos t because i t can be accessed with shallower wells of an average 
depth of 100 feet . The Dakota Sandstone Aquifer has a higher pumping 
cos t because it requires an average well depth of 350 feet. There 
ar e more areas that have access to the Dakota Sandstone Aquifer than 
to the Alluvial Aquifer. This study considers the irrigation 
feasibility of each aquifer separately through the objective of 
maximizing net prof it for a 320-acre farm. The model uses these 
irrigation system alternatives which are a center pivot system, a 
gated pipe system, and a traveling gun system plus dry land production . 
It also considers three different tillage practices which give differ-
ent yields . These are fall plow, spring plow, and till plant (minimum 
tillage) . The level of irrigation is constrained by both legal 
restric tions and machine efficiency . The maximum level of withdraw-
ing water for irrigation is 12 inches per year and six inches per 
month. The cr op yields are adj usted to the effective l evel of water 
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available for plant consumption which depends upon the soil moisture 
condition and effective level of irrigation water available. The 
model uses average per unit costs of production by sunnning the opera-
tion cost per year and machinery straight line depreciation costs (as 
a proxy for machine user costs). The purchase price of machinery, 
crops, and livestock are in 1979 terms. Other physical coefficients, 
such as labor hours, crop yields, etc', are averages of historical 
data. Note that the costs of land and buildings are not included. 
All capital used in the operation is assumed to be borrowed and is 
paid back with interest within the production and selling period. 
No limit is set on borrowed capital to allow us to evaluate the 
highest net profit one can make from the existing resources. Net 
profit has been adjusted for income tax and investment tax credits. 
The combination of activity levels which yield the highest net profit 
are then reported. The parametric programming and range analysis 
give the impact of changes in the interest rate, fuel price, and 
crop prices upon the solution levels and activity levels . This gives 
information on the s tability of different activity l evels in the 
solution. This study concentrates on the methodology used in 
developing a single farm net profit maximization model concerning 
irrigation choices. The model is then applied to a 320-acre farm in 
Doon, NWIA, for illustrative purposes. The conclusions of the model 
depend on the assumptions of the model concerning crop rotation, 
costs, prices, yields, labor requirements, water requirements, and 
water availability. 
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This study of economic feasibility of irrigation from the 
Alluvial Aquifer shows that in an average year it pays to use irriga-
tion. The center pivot system, which is the most efficient irrigation 
system (85 percent efficiency ratio) and saves the most labor hours, is 
chosen even with its relatively high initial and operating costs . 
The corn-com-soybean-fall plow-center pivot activity is used 
together with the steer-choice calves operation. All corn produced 
is used for feeds and all soybeans produced are sold. Hay-oat pro-
duction has never been chosen and the consequence of forcing such 
a production activity into the model is a very high penalty cost 
of at least $200 per unit (4 acres) . 
The interest rate on borrowed capital has a large impact 
on the amount of loan. The loan of $452,439 at the interest rate of 
12 percent per year will decrease byhalf ($292,293) when the interest 
rate reaches 18 percent and drops drastically to only $51,624 when 
the interest rate is 20 percent. However, the level of net profit 
is not as sensitive and drops only by $7,800 from $38,839 when the 
interest rate increases from 12 to 22 percent, It also shows great 
influence on the level of livestock operations, but none on crop 
production until 19.77 percent, The number of steers raised decreases 
by nearly half when the interest rate rises from 12 to 18 percent; 
and at 20 percent or more, no more steers are raised. All land is 
used in the corn-corn-soybean-fall plow-center pivot activity when 
the interest rate is 12 to 19.77 percent. Further increases of the 
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interest rate result in the model starting to switch from center 
pivot to gated pipe systems through the corn-soybean-spring plow-
gated pipe activity in order to save costs and sacrifice mor e labor. 
Figure 12 gives the graphical representation of the impact of the 
interest rate upon irrigation systems chosen. 
High diesel fuel prices, even up to $1 . 52 per gallon , do not 
switch the crop production from irrigation land to dry land; however, 
it has an impact upon the irrigation system chosen. Center pivot 
is chosen if the f uel price is l ess than $1 . 22 per gallon . At a 
price higher than that, the crop production switches to the gated 
pipe irrigation sys tem since it uses less fuel . (The gated pipe 
system consumes one gallon per acre inch of water applied while the 
center pivot consumes 2.84 gallons per acre inch.) At the high fuel 
price of $1.52 per gallon, some land is used for dry land production . 
Fuel prices higher than $1.52 per gallon should move more land to 
dry land production . 
The increase of corn price from $2 .40 up to $4 . 00 per bu does 
not change the use of center pivot irrigation systems . At the price 
of $2.50 or lower,all corn produced from the corn-corn- soybean-fall 
plow-cen ter pivot activity is transferred to feed in the steer-choice 
calves activity. Increasing the corn price to $3 . 00 or more shif ts 
all land to continuous corn produc tion using the corn-fall pJow-center 
pi vo t a c tivity and all corn is s old. Net prof it also increases grea tly . 
There is no livestock operation at hi gh corn prices . 
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The center pivot irrigation syst em remains in the model throughout 
the s oybean price increase from $6.04 to $16.16 . However, the model 
tries to take advantage of soybean selling price increases by shifting 
from the com-corn- soybean-fall plow-center pivot activity to a more 
soybean intensive production activity, specifically the corn-soybean-
fall plow-center pivot activity, when the price r eached $7 . 50 per bu . 
The net profit increases gradually due to this higher soybean price . 
The livestock selling price shows no influence upon the crop 
production activities over the range of price considered. These 
ranges are from $40.00 to $45.00 per cwt of pork and $45 . 00 to $70.00 
per cwt for beef. The model consistently chooses the corn-corn-
soybean-fall plow-center pivot activity over these price ranges. The 
main impact is on the type of livestock activities. At the pork 
price of $45.00 per cwt or more for the given beef price of $69.80 
per cwt , the model switches from the steer oper a tion t o the feeder pi g 
operation. And when the beef price is $65.00 per cwt or less for 
a given pork price of $41.80, the model changes from the steer opera-
tion to the feeder pig operation. 
Withdrawing water from the Dakota Sandstone Aquifer f or irriga-
tion purposes has a much higher cost than from the Alluvial Aquifer. 
On the average, this cost is 40 percent higher, including the fuel 
costs. The result of this study has shown that on a normal year, 
irrigation from the Dakota Sandstone Aquifer is not profitable. 
Maximum net profit is achieved from com-corn-soybean-fall plow-
dry land production and steer~choice calves production, All irrigation 
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activities have very high penalty costs if fo r ced into the basis. 
Even dur ing the minor dry period where dry land yields decrease by 
five percent for corn and 2. 5 percent for other crops, no irrigation 
activities are chosen . Irrigation is only feasible during a severe 
drought year where without irrigation, crop yields are reduced by 
50 percent for corn and 25 percent for other crops . Nielson (AO) 
found that from the period of 1955-1976, there were five years out of 
20 in which this condition occurs. In this severe drought period, 
the com-corn- soybean-fall plow- center pivot activity is chosen . 
The impact of increasing diesel fuel price is conducted using 
the parametric programming and range analysis. The model considers 
the increase of fuel price from $. 92 to $1.52 per gallon during a 
severe drought period. The result is that irrigation is always 
chosen and the range analysis shows that irrigation at least will 
remain in the basis until fuel price goes up to $2.62 per gallon. 
However, the center pivot system is replaced by the gated pipe system 
when the fuel price reaches $1 . 12 in order to save fuel costs . 
Figure 13 shows the comparison of irrigation systems used from the 
Alluvial Aquifer duringanormal year and from the Dakota Sandstone 
Aquifer during a severe drought year at different fuel prices . Note 
that irrigation is not sensitive to fuel prices less than $2 . 62 
per gallon during a severe drought period. 
Irrigation is still preferred to dry land production during a 
severe drought period when the interest rate increases. The study 
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varies the interest rate from 10 to 22 percent which results in 
switching from the center pivot system to the gated pipe system at 
the interest rate of 16 percent per year. Only the gated pipe system 
is used up to at least the interest rate of 34.67 percent as shown 
from the range analysis results in Table 44. Livestock activities 
are also sensitive to the interest rate; the number of s teers raised 
falls by 60 percent from 653 head to only 239 head when the interest 
rate increases from 12 to 18 percent. There are no livestock activi-
ties in the model after the interest rate reaches 20 percent. 
Figure 12 shows the comparison of the interes t rate and the irrigation 
system used with the Alluvial Aquifer during an average year condition 
and with the Dakota Sandstone Aquifer during aseveredrought period. 
The last part of this study considers the effect of corn price 
on irrigation from the Dakota Sandstone Aquifer, Irrigation is not 
chosen at the average corn selling price during 1979 of $2,40 per 
bu. However, it does become feasible when the corn price reaches 
$2.96 per bu as shown in Table 45, the results from the range analysis. 
All land is used for the corn-fall plow~center pivot activity from 
the price of $2 . 96 per bu or more. All corn produced from this 
continuous corn production is sold and there are no livestock 
activities. A high corn selling price justifies the high cost 
irrigation production techniques because it is more efficient and 
gives higher yields. The switch from dry land production to the use 
of irrigation occurs earlier ±n the case of a minor dry year condition 
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which, without irrigation, reduces yields by five percent. The model 
chooses to use the center pivot irrigation system at the corn selling 
price of $2.50. For the case of a severe drought condition, the 
center pivot system is used even at the corn selling price of $2.40. 
This has been shown graphically in Figure 14. 
The study of irrigation in Lyon County has shown that irrigation 
will give higher net profit than dry land production on the average 
if the Alluvial Aquifer water supply is used. However, the irrigation 
from the Dakota Sandstone Aquifer which has a higher cost is not 
preferred to dry land production during average year conditions. 
It is only chosen during a severe drought period which is about five 
out of 20 years or when the corn selling price is as high as $3.00 
per bu (1979 prices). Once irrigation is preferred to dry land 
production, it remains in the basis. The model switches from the 
high fuel consumption-high efficiency center pivot system to the low 
fuel consumption-low efficiency gated pipe system, It is less risky 
and more profitable to use irrigation if the Alluvial Aquifer is 
available. In an average year, it pays by giving higher yields and 
thus a larger net profit. Irrigation from the Alluvial Aquifer has 
the positive effect of stabilizing the yearly income stream under 
variable weather conditions. Once the investment in irrigation is 
made, the system is there which can provide water for crop consumption 
at the right time and the right level, Irrigation can give an 
advantage even during a year with normal or high precipitation levels, 
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Figure 14. Acres of irrigated land with different irrigation systems 
from a 320- acre farm and different corn prices--the Dakota 
Sandstone Aquifer is the ground water supply source 
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but the precipitation does not occur at the right time for crops. 
The irrigation from the Dakota Sandstone Aquifer is, however, more 
risky and does not pay during the average weather condition year. It 
is only preferred to dry land production five years out of 20 on the 
average; however, it s till has the merit of providing crops with the 
right amount of water at the right time. 
One final point is that the above conclusions are based upon the 
set of assumptions used in developing the model . Any modification 
of asswnptions will change the conclusions. Some concern lies in the 
estimation of machinery user costs which might be underestimated by 
the straight line depreciation method . In reality, if the purchase 
date of each machine is available, other depreciation techniques, 
which allow a higher proportion of deduction in the earlier years, are 
usually preferred . However, for the sake of generality of the model, 
the straight line depreciation method is used so the depreciation 
deductions are all equal every year regardless of the purchase date 
and no specific assumption of purchase date of each machine is made. 
This study provides the general framework of the model used in 
making decisions concerned with irrigation. Revisions and adjustments 
of the assumption of the model are needed for each individual farm 
in order to derive more accurate conclusions as different farms have 
different characteristics. 
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Recommendation for Further Research 
The results of this irrigation feasibility study in Lyon County 
are bas ed upon the average yield response to irrigation over the 
entire Northwest Iowa region rather than Lyon County in specific. 
These yield data are rather optimistic because they assume an optimum 
level of irrigation regardless of existing legal restrictions . The 
actual precipitation data, soil moisture levels, and the legal 
restriction on ground water withdrawal are used to adj ust the 
irrigation levels used in the model. The yield r esponses to irriga-
tion are scaled down proportionally to the level of irrigation 
available. These yields are only approximates based upon average 
yield responses. However, there are many different soil types in 
the region that have different wa t er holding capacities and other 
qualities which effect the irrigated crop yields. There is a need 
for research in yield responses to different irrigation levels taking 
into account different soil types. 
More case studies are needed for irrigation from the Dakota 
Sandstone Aquifer concentrating on different locations and their 
pumping capacities. The latest study on the Dakota Sandstone Aquifer 
(36) states that the aquifer which represents 84 percent of the study 
a r ea of 16 counties in Northwest Iowa has 69 percent of the study 
area which gives a pumping yield of more than 500 gpm. Areas in 
which the aquifer gives low pumping rates are not feasible for irriga-
tion purposes due to the insufficient pressure to operate irrigation 
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systems. More pumping tests are needed at different localities to 
obtain more information on the pumping rate, recovering rate, and 
recharging rate of those areas. This will give more accurate informa-
tion concerning the poss ibility of irrigation from the Dakota Sand-
s tone Aquifer. 
Finally, this study attempts to maximize the net profit after 
tax f or a farm and considers the profitability of irrigation. 
However, this study does not concern itself with the value of water 
for other uses . Therefore, it does not give information about the 
allocation of water to compe ting demands which become more and more 
important as wate r becomes scarce . A study concerned with measuring 
the value of water among different uses in terms of marginal values 
is needed in order to obtain the optimum allocation of water . 
The study also assumes linearity in cost functions and production 
functions since the range around the solution level is assumed to be 
relatively small compared to the whole production function , thus 
there are no economies or diseconomies of scale, This assumption 
implies that marginal values equal average value, The procedure 
then satisfies the optimality concept in which marginal values equal 
marginal costs . However, if there exist economies of scale or non-
linear cost or nonlinear production functions, other methods like 
quadratic programming and s eparable programming are needed . 
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APPENDIX 
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Description of Sites Used in Neilson's Studies (39) 
Northwest 
Doon - Northwest Iowa Research Center on Moody silt loam , well 
drained . 
Sutherland - The soil moisture sampling site was located near 
Primghar until 1957 when it was changed to the 
Northwest Iowa Research Center (Galva- Primghar ) near 
Sutherland . The soil moisture characteristics of the 
Northwest Iowa Research Center's Galva silt loam 
were used in this work. 
North central 
Kanawha - Site locations for moisture sampling have been on the 
Northern Iowa Research Center near Kanawha. All sites 
have been on Webster silty clay loam, 
Northeast 
Elkader - Actual moisture sampling site located six miles south-
east of town on a well-drained Fayette silt loam . 
Rainfall data were taken from the town of Elkader. 
West central 
Castana - Western Iowa Research Center on Ida silt loam, well-
drained . 
191 
Central 
Ames - Iowa State University 's Agronomy and Agricultural Engineer-
ing Researc h Center with Webster silty clay loam, poorly-
drained. Although the actual soil moisture sampling site 
was located at the Beach Avenue fields in Colo silty clay 
loam in the years 1956-1964, the Webster soil field capacity 
was used for all years in this study. 
East central 
Cedar Rapids - Moisture sampling site is four miles south of the 
city in Klinger silty loam, somewhat poorly-drained . 
Rainfall data was from the airport weather station. 
Southwest 
Norwich-Shenandoah - Soil samples were taken from the Norwich 
Conservation Farm until 1966 when the site 
was changed to the Earl May Trial Gardens 
in Shenandoah. Both sites have Marshall 
silty clay loam, 
Southeas t 
Burlington- Columbus Junction ~ Early sampling was done at the 
Burlington Ordnance Plant on a Taintor silty loam, In 
1968, the site was changed to five miles south of 
Columbus Junction, on a higher, poorly-drained Mahaska 
silty clay loam. Rainfall data were recorded at 
Burlington and Columbus Junction. 
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The Protected Flow at U.S.G.S. 
Stream Gaging Locations (42) 
River or stream 
Beaver Creek 
Big Creek 
Black Hawk Creek 
Boone River 
Boyer River 
Cedar River 
Cedar River 
Cedar River 
Cedar River 
Cedar River 
Chariton River 
Des Moines River 
Des Moines River 
Des Moines River 
Des Moines River 
Des Moines River 
Des Moines River 
Des Moines River 
Des Moines River 
East Branch Iowa River 
East Fork Des Moines River 
East Nishnabotna River 
East Nishnabotna River 
Floyd River 
Iowa River 
Iowa River 
Iowa River 
Iowa River 
Iowa River 
Iowa River 
Little Cedar River 
Little Sioux River 
Little Sioux River 
Little Sioux River 
Lizard Creek 
Maple River 
Gage location 
New Hartford 
Mount Pleasant 
Hudson 
Webster City 
Logan 
Conesville 
Cedar Raipds 
Waterloo 
Janesville 
Charles City 
Rathbun 
Keosauqua 
Ottumwa 
Tracy 
Des Moines (14th St.) 
Saylorville 
Stratford 
Fort Dodge 
Estherville 
Klemme 
Dakota City 
Red Oak 
Atlantic 
James 
Wapello 
Lone Tree 
Iowa City 
Marengo 
Marshalltown 
Rowan 
Ionia 
Turin 
Correctionville 
Linn Grove 
Clare 
Mapleton 
Protected low 
flow (CFS) 
18 
2 
4 .5 
24 
41 
1,240 
937 
710 
185 
100 
2 .9 
350 
300 
300 
300 
200 
310 
220 
22 
6 
42 
37 
18 
22 
1,390 
150 
150 
204 
104 
21 
28 
200 
106 
42 
4.2 
50 
River or stream 
Maquoketa Rive r 
Middle Raccoon River 
Middle River 
Monona-Harrison Ditch 
Nishnabotna 
Nodaway 
North Raccoon River 
North Raccoon River 
North River 
North Skunk River 
Raccoon River 
Rock River 
Shell Rock River 
Shell Rock River 
Skunk River 
Soldier River 
South Raccoon River 
South River 
South Skunk River 
South Skunk River 
South Skunk River 
Tarkio River 
Thompson River 
Turkey River 
Upper Iowa River 
Walnut Creek 
Wapsipinicon River 
Wapsipinicon River 
West Branch Floyd River 
West Fork Cedar River 
West Fork Ditch 
West Nishnabotna River 
West Nishnabotna River 
White Breast Creek 
Winnebago River 
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Gage location 
Maquoketa 
Panora 
Indianola 
Turin 
Hanburg 
Clarinda 
Jefferson 
Sac City 
Norwalk 
Siourney 
Van Meter 
Rock Valley 
Shell Rock 
Northwood 
Augusta 
Pisgah 
Redfield 
Ackworth 
Oskaloosa 
Ames (below Squaw Creek) 
Ames 
Stanton 
Davis City 
Garber 
Decorah 
Hartwick 
DeWitt 
Independence 
Struble 
Finchford 
Hornick 
Randolph 
Hancock 
Dallas 
Mason City 
Protected low 
flow (CFS) 
372 
20 
14.6 
27 
128 
15 
82 
14 
5.6 
35 
190 
26 
147 
23 
287 
20 
58 
4 .1 
94 
23 
4 .8 
0 . 3 
13 
210 
80 
2 
150 
17 
0 . 85 
66 
12 
67 
49 
3.2 
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